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PREFACE 


In recent years, the chemistry' of organic electron transfer 
reactions and radical anion intermediates in various organic and 
orga nometal lie transformations has gained immense significance. 

Many reactions which formally appeared in the earlier literature 
to proceed by ionic or unknown pathways have neon concrlusively 
proved to involve electron transfer free radical mechanisms. 

Reports during the past few years, particularly by Professors 
J.F. Hunnett, C.7., Russell, N. Kornblum, W.C. Ashby, R.K. Norris, 
G.D. Sargent, S, bank, J.F. Oarst, u . K. Kochi, U.A. Rossi, W. A. 
Pryor have added newer dimensions to this fast developing field 
of electron transfer reactions. Radical anion intermediates 
produced as a consequence ot electron transfer, coupling between 
radicals and anions or atom abstraction from an anion are now 
found to intervene in a large variety of organic and o rganomota.1 1 ic 
reactions. A new mechanistic class of reactions symbol laud by 
S f<N :l has emerged. 1 

This thesis entitled "New Electron Transfer Mechanisms of | 
Some Organic Reactions" presents mechanistic findings and describes 

I 

several important aspects of electron transfer mechanisms for 
reactions broadly classified as (i) the reductive cleavage of 
diorganomercurials via single electron transfer, (ii) oxidation 
of ".-hydroxy acids and their salts with N-bromosuccinimlde, 

(iii) reduction of primary benzyl ic halides with sodium naphthalene: 



(iv) reaction of aromatic aldehydes in the presence of an excess 
o f s od i urn hv cl ro x i de . 

The subject matter of this thesis has been divided into six 
chapters . The first chapter deals with a general review on 
•'.electron Transfer Reactions and Radical Anion Intermediates " , 
based on the existing literature. Each of the chapters II through v 
has been further subdivided into u) , detract, ( 2) Introduction, 

(3) Results and n is cuss ion, (<1) Experimental , and (!:•>) References. 
Introduction to each chapter covers a brief literature survey 
pertinent to the topic under consideration. Sequential numbering 
of schemes, equations, tables, structures, and references has been 
repeated for every chapter. 

Chapter II presents mechanistic studies on the reductive 
cleavage of diorga nomercurials via single electron transfer. 
Occurrence of an electron transfer free radical mechanism involving 

vV ic 

d n — fh electron transfer from the naphthalene radical anion 
to the diorganome rcuria-ls has been proponed. 

Reactions of c « -hydroxy carboxylic acids (glycolic, mandelic 
and benzilic acids) and their salts with N-bromosuccinimlde form 
the subject matter of chapter III. In view of the relevant 
observations recorded, it has been proposed that 1! ~b r/omos u c oin i — 
mide accepts an electron from the substrate or, -hydroxy acid or its 
anion in the first step of fundamental importance. Succinirrtidyl 
anion, bromine atom and the radical derivable by the initial loss 



vii 


of an electron from the anion of the or. -hydroxy acid serve as the 
precursors of different products. 

In Chapter IV/ the reactions of four primary bencylic 
halides with sodium naphthalene have been examined in detail. 

The major mechanistic pathway in these reactions has been found 
to be the generation of free radical and the corresponding 
carbanion intermediates . Existence o' a carbene intermediate has 
also been proposed. 

In Chapter v, the available data on Cannissano reaction have 
been discussed and arguments presented to show that the commonly 
accepted/ hydride transfer mechanism is irrational. An electron 
transfer has now been proposed which appears to account fox- 
all the experimental observations. 

A sumrne r.y of the main results and conclusions finally 
arrived at constitutes the subject matter of chapter VI, 

A part of the work described here has been summarised in 
the following paper discussed at a National Conference with 
into rnat Iona 1 pa rt icipation , 

"Reductive cleavage of organomercurials via s ingle elect iron 
transfer." P.R. Singh and Sadhana Chauhan at the Second Annual 
Conference of Indian Council of Chemists held at Srinagar in 


November 1982 



vi.ii 


It is suggested that the importance as wo .11 as occurrence 
of electron transfer reactions involving radical anion inter- 
mediates in organic chemistry and also in biochemistry may be much 
more than previously ever thought. 

Particular ca?e has been taken to give due credit to the 
work reported by other authors in the literature. The author is 
responsible for purely unintentional oversights and errors which 
could be traced herein. 
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ELECTRON TRANSFER PROCTSSJ2S AND 
RADICAL-ANIONS IN ORGANIC REACT 10 MS 


I. 1 INTRODUCTION 

Occurrence of electron transfer (ET) processes and existence 

of radical-anion intermediates in organic reactions have been known 

for over a century . Earliest reports on the existence of radical- 

1 ? 

anions made by Bert helot and Bechman and Paul % respectively/ 

went unacclaimed for over half a century. Due attention was not 

3 a 

given to Kenner's' statement that "radicals rather than ions are 

produced more frequently in organic reactions than is usually 

3 Id 

realized" and his suggestion made as early as in 1943 that 
organic reactivity should be recognized in terms of oxidation and 
reduction processes until about fifteen years back when Professors 
G.A. Russell/ N. Komblum and J.F. Bunnet provided experimental 
evidence in favour of electron transfer processes involving 
radical -an ion intermediates in several reactions formally 



classified as nucleophilic displacements. Significant contributions 
have been made since then, through the pioneering researches of 
Professors M. Szwarc, G.D. Sargent, J.K. Kochi, W.a. Pryor, S. Rank, 
H.O. House, J.A. Wolfe, J.A, Marshall, R.a. Rossi and several 
other eminent scientists to this fast developing area of immense 
chemical and biochemical importance. 


1 . 2 RADICAL-ANIONS; FORMATION AND Rl’iACPIONS 

A radical-anion may be formed by a single electron reduction 
of an appropriate molecule either chemically, photoly tical ly or 
electrolytically (Eqn. 1) 

# 

XY + e“ > XY~ .... ( 1 ) 


This odd electron species with an overall negative charge, may 
undergo various types of reactions outlined in Scheme 1.1. 


SCHEME I. 1 

W* 


r[XY] 2 " + -r xy ^ Disproportion [yy~j Piss oc 1 a ti err ,, 


Oxidation 


1 


anion 


A V' A 
[XAj 


Radi cu 1 

coupl.i tv; 


f Dimerization 
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A wide variety of chemical species are known to act as 

4-13 

donors in electron transfer reactions, Fo r example, metals , 

■] 4_'Pfi 36-33 

organometallxc reagents and carbanions , anions’ metals 

in their lower oxidation states'^ ""*^5 Lewis bast-.'s^*’"^ and alkyl 
40 48-51 

radicals ' , are known to donate electrons to appropriate 

t <54 

substrates. Carbonium ions'" ' , metal ions in their higher 

3 5 55-57 5b 58— 64 

oxidation states,'"' ‘ " arvm.at.ic; hydrocarbons,' ' ' ' molecules 

j***j i *^7 7 , 68 — 88 

with electronegative substituents, ’* and radicals ’ , accept 

electrons to produce corresponding radicals, metal ions in lower 
oxidation states , radical-anions or anions, when energy require- 
ments are satisfactorily met. 

Formation of radical-anions and their reactions have boon 

70—f 4 9 rt3— Hfi 87—Rtt fH) 

extensively reviewed, ESR, UV and C.TDNP studies 

have, in recent years, gained popularity as important tools for 

investigation of radical-anions. Early observations of Uechxm-m 

and Paxil” formed the basis of extensive studies on metal ketyls . 

The intense blue coloration in the reaction of sodium metal with 

benzophenone under nitrogen atmosphere was believed to arise from 

the formation of a metal ketyl which possessed” free radical 

nature. That ketyl radicals are in equilibrium with diamagnetic 

plnacolates ( Eqn. 2) was concluded by magnetic susceptibility 
94 9 5 97 

measurements. 


Ar 


Ar* 


X. 


,S C*~Q 


AT 

I . 
Ar-C-0 
1 

Ar-i-O* 

i 

Ar 


* « # « 


( 2 ) 
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zinc and. iron in lifjuid ammonia, 
107-109 


solutions of alkdli/motuls , an well as calcium, magnesium, 

low molecular weight 

amines,"'"' or ethers like dimethoxyethane (DKR) and tetra- 

hydrofuran (THP) are known to .reduce a variety of organic 
98-104 

substrates. ' Such reactions are now understood as internal 

111 

electrolytic reductions" in which an electron is transferred 
from the metal surface or the metal in solution to the organic 
molecule under consideration. 


Reduction of several organic compounds of the type <R=or, 

where X= N-, 0, or S has been accomplished by the use of alkni .i 

metal/sol vont reagents . .Radical-anions and monomeric as we'll as 

dimeric dianions arc formed in these reductions , which undergo 

further transformations to yield final p ro ducts . For examples, the 

11 ? 

reduction of acetophenone (I), ‘ ‘ with lithium in liquid-ammonia 
gives 2,3-diphenyl butane-2, 3-rtiol (III , i~(cyclo-hexa-2, 5-dienyli- 
dene) analato (III) and 1 -phenyl ethanol (IV) as shown in Scheme 1,2 
on next page. 


The monomeric dianions formed in the reduction of ~c«N« 

bonds L ' by single electron transfer (SET) from alkali mt.it.als 

i n w i 

in protic solvents, not only act as nucleophilic reagents' " & , but 

1 1 

also participate in electron transfer processes."'"' ' This is 
illustrated by the reaction of benzophenone and alkyl halides in 
the presence of Na/THF which Is believed to proceed as shown in 
Scheme 1.3, 
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(IV) 

M' 


(III) 


S CHISME 1.3 

Ph 0 C=N-Ph - — |~§ * [ph 0 C=3s:'Phl 2 “ + 2Na + 

2 THF L 2 

[Ph 2 C»NPh] 2 ~ + R-X [Ph 2 C=NPh}"‘ + R* + XT 

^ R 

[Ph 2 CaNPhJ A + R* - — » (complex)” --> Ph 2 A-NHPh 



Similar reactions with dianions of thio carbonyl cnmpoxmds " 1 and 
117 118 

olefins ' ' arc also known to occur, 

A possible mechanistic sequence for reductive cleavage of 
compounds of the type -C - X, where X=QH, OR, ON0 o , CR,, SR or a 
halogen by alkali metal/solvent is outlined in Scheme 1,4. 

SCHKMTj 1.4 


-C - X yr rln - h -C* + X'" 


ir 


A 


~2e 


sr 


4* 2 0 


}/ 

C t -I* X 


2H 






-c* \\ 

/ \\ 


-> H - X 




V 


X, 


i 


x t * y 

~c~c~ 

/ V 




’Ct 


\ *4- 

\H 


N 

. S ✓ . 

-C-C3-+ X 

/ *v 


H 


-y 


■s 


•C-H 


■C«H -l- H— X 


Recent reports on the reductive cleavage of c-c 119 "' 3 ' 2 ' 1 ' 

122 1 23 

C-Cl ” and C~S bonds are in conformity with the above 
mechanism. 


Esters also undergo cleavage via electron transfer. Thus , 
Li/liq.NH^ affects the cleavage of esters, 120a ' 125 by one of the 
two pathways exemplified in Scheme 1.5. 
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SCI JEM E 1.5 


1^ ' pa thway: 


k~\ 


0 


)U 


l.i/H 1 ■ 


V" \ 


CH.. 



a: 


2 nti pathway; 



t-l’.ui Ut 


(an. 


PhCrl 


,V Li/' H it. Fll, 

vG-O-U -> V 


a 

\ 

hGH-U-C-R 
** * 


i 


phai 3 v- 


iniC!l ? OTK~-^- PhCH.jO**" + 


R eactions of Rad i cal -An io ns of: Aroma ti c Hydr oca rbons 


In numero\is electron transfer .reactions, radical-anions of 
aromatic hydro ca rbons act au a potential source of electrons . 
Thus, reduction of naphthalene' " by radium yields sodium 
naphthalene (Eqn, 3) ; 



These radical -an ions can either act as strong bases and abstract 
protons from weakly acidic substrates or transfer a single electron 
to appropriate substrates. 





Alkylation of aromatic nucleus proceeds by coupling of alkyl 
radicals with aromatic radical-anions. For example, reaction or 
sodium naphthalene with R-X first produces anion (V) which by subse- 
quent 8^2 displacement on the alkyl halide; gives dl alkylate (VI bos 
shown in Scheme 1.7, 





Of various reactions of alkyl halides, reductive dimeri- 


zation is least understood: 

• • 

2R-X — ^ R „ R + 2X~ 

Both radicals 135 and anions 134 are proposed as intermediates in 

the formation of dimers. ' The most acceptable explanation tor the 

rapid rate of alkyl aimer formation is the coupling of gominato 
134 

radical pairs ' ns shown in .Kqn. 4: 

R Na + R— X — — — ^ [ R* , R* , NaX jj 3 R—R * * * * ^ ^ ) 


In this respect, the course of the above reaction is parallel 1. > 
that of alkyl lithiums with alkyi halides ( Rqn . 5) ; 


(R 


"Li*) 


n 


+ R -X 


[r* 


, r- ! , 


Li’ 


(i~l 


.i H ) 


n-1- 


(M 


The radical pairs generated by electron transfer from alkyl-lithium 
in solvent cage, may couple, disproportionate or diffuse apart. 

The intermediate radicals formed in this reaction have been 

ia« 137,138 

trapped 1 and also detected by 1SR spectroscopy. 

Dimerization has also been observed in the reduction of alkyl 

halides with metal complexes. 139 Cyclopropyl halides arc also 

140 

reduced by alkali metal naphthalenes. 


1 49 n * 

Singh and co workers have proposed a 


>V iV 

A ' — ^ A' 


electron 


transfer mechanism involving the intervention of aryl- radicals in 
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tho dediazoniatiun of arenedias mium salts with s* dium naphtha L 'im 
(Scheme 1.8) : 


SCH£MK 1.8 


R • 



4 * 

5 >~ n h n 


Naph 
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R ■ 


If 


\ ! 




h N 


-N„ 


Naph / 

-o' 


r -<n 

p, vr'' 


! THF 


THF R "\( )) 

\iX/ 

, . , , . lhO-.lfj 1. 

Sodium naphthalene also reacts witn phonylncutenitrxle, 

giving a mixture; of products. 

Isomerization 149b/C of Z-otilbeno to Fh-stilbone via tin. 
dianion is induced by s-»diuin naphthalene as shown in Scheme* 1.8. 


8CHJSME. 1.9 
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H Ph 
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Reductive cleavage of esters by sodium naphthalene has also boon 

-i 90 i qi 

reported recently ' " 

Two alternative mechanisms, one involving dianion inter- 
mediates and the other free radicals, in tne reaction of a 1 ip ha t 

and aromatic ketones with sodium naphthalene have been proposed 

154 

by Holy and coworkers. ~ (Scheme 1. 10) : 


o CHIMB I. 10 


( A) D lanlon Mechanism : 

( i ) Aliphatic ca rbonyl comp o unds : 

r 2 c= 0 + Naph~. > R 2 C*-ir + Naph 

♦ 

R 2 C - 0“ + Naph" > “Naph c(R.,)o“ 

“Naph C(R 2 )0“ + R 2 c =;° ~0(R ? )C Naph C(R ? )0 


(ii) Aromatic carbonyl compounds: 


Ar 2 C=0 -i- Naph 

t 

Ar, ? C - 0“ ■' Naph 


Ar 2 C - 0 + Naph 


-> Ar 2 C ~ 0 -i- Naph 


Ar 2 C - 0 + Ar 2 C=0 


-> Ar,,C - C Ar 0 

o 0 


( B ) Radical Mechanism : 

(i) Aliphatic carbonyl compounds : 

R 2 c=0 + Naph“ - — > ‘Naph C(R 2 )0“ 

# 

‘Naph C(R 2 ) 0" + Naph” » “Naph C(R 2 )0“ + Naph 

“Naph C(R 2 )0“ + R 2 C«0 y “0R 2 C Naph C(R 2 )0“ 
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( 1 i ) Aromatic c a rbo nyl c ompounds ; 

Ar^C=0 Naph — ■ Ar yl-O -i- Naph 

* 

2Ar 0 C-0"* — > Ar 0 C - CAr 0 

2 ' 2 \ | 2 

o q 


Sodium naphthalene also reacts with molecular hydrogen. 


JL D n 


sulfur dioxide, lj>fe carbon dioxide, 1,1 1 a ry 1 halos ilanes and aryl 


phosphates . 


159 


Naphthalene radical-anions have been effectively 


used to initiate polymerisation reactions 1W_) “ 1-61 and in the 


fixation of molecular nitrogen. 


1 5 2 


Reactions involving electron trans fur from thiophene- 
X1 de and alkoxi do anions have also been reported, 

an electron transfer from a don.' >r rea.gt.rnt is feasible only when 
the substrate has sufficiently high electron affinity. This 
explains the successful oxidation of even poor donors like 

•J 

alkoxi dos " ' by aromatic nitre compounds and, the inability of butyl 
1 67 

lithium' to add to tetraphenyl ethylene on 1, ,1 , 3, H-tetraphenyl 
but- 1- one. 


Single electron transfer has been proposed in the reactions 

of 9-aryl fluoronyl onions with phenyl hnlumethyl sulfones and 

dinitro compounds 169 (Eqns. 6 and 7) recently by van T ami on and 
17 2 

coworkers . 
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169 

That strong bases give up electrons more easily was demonstrated 
by means of the straight line Bronstead correlations of the pK 'r 
of the fluorenyl system vs. the observed .rates of these reactions. 


B iphenyl 


and coworkers 


17 2 


radical-anion has boon proposed by 
to bo the intermediate species in 


van Tamelen 
the photolys i s 


of phenyl lithium (Scheme 1,11): 


SCHEME I. 11 

hv r On 

2ArLi — — $ |_Ar*, hi / ArLij 

9 

[ Ar* , Li°, ArLi] > Li° + [An-Ar]" bi + 

[ Ar-Ar]"* Li + ^ Ar-Ar + Li° 

Organolithium compounds are known to donate electrons to aromatic 

170 79 171 

hydrocarbons, oxygen and peroxides . 

Addition of lithium arganocup rates to unsaturated carbonyl 
compounds by electron transfer mechanism has been proposed by 



14 


H.O. House. ' A two- electron transfer oxidation pathway for 
oxidation of litnium organocup rates by O,^, I’hNO,,, or Cu(II) has 
been proposed as shown in Scheme 1.12. 


S CHIM E 1.12 


^ - — 2-j. 

[r 4 cu 2 li 2 ] > [R 4 cu ?L i 2 ] + — [n 4 cu 2 Li 2 ]" 

[r 4 Cu 2 L± 2 ] 2+ r 2R-CU 2lii + + R~R 


A single electron transfer pathway has also been proposed for the 

174 

reaction of lithium 1, 1-di—methyla 1 lene with benzyl chloride 
17S 

and ketones.' “ Lithium 1, l—diinethylnllene has been prepared by 
the reaction of 1, 1-dimethylall one with lithium tet ram ethyl 
piperidine. 


S everal metal hydrides (e , g . , L iAlH 4 , * ilH^ , MgH 2 etc . ) 

184 18 5 

reduce ketones, polynuclear aromatics, ' brumophenylallyl 
186 187 

ether and alkyl halides 1 by a single electron transfer process. 
Lithium totrakis (N-dihydropyridyl) aluminnto ( LDPA) has also been 


found to give similar results. 


188 


Gri guard reagents have also 


, ^ ^ ^ c , J 169 , 14-16.19, 180-18 

been reported to transfer electron to oxygen, ketones, 

22 

alkyl halides and non-benzenoid aromatic compounds. Similar 

17 7_i 7Q 

reaction occurs with dialkyl magnesium compounds. 


22 

Singh and coworkers have proposed electron transfer as 
the first step in the reaction of Grignard reagents with benzylic 
halides as shown in Scheme 1.13, 



S CHIME 1,13 


-C ~ X + RMgY j i c 


..U 


Mg' 


x 


slc;w step 


-C* + R* 


~C 


R 


S \ 

~c* -i- -c* 


-c - c 


•C* -I- XMgY + R* | 
solvent cage 


R* + R' 


R— R 


Reactions of (9-anthryl) -aryl methyl chlorides with orgonomagnes turn 

and lithium reagents have been shown to proceed via single electron 

183 

transfer pathways. “ A new electron transfer mechanism has been 

189 

proposed by Singh et al. in the lithium aluminium hydride 

190 

reduction of certain benzylic halides and h~?.~chlor< istilbono. 

This mechanism of reduction of benzylic halides is outlined in 
Scheme 1,14: 


S CHIME 1.14 

* * 

Ar-CH ( R) -X + A1H~ > Ar-CH (R) - X~ + -H 2 + AlH 3 

Ar-CH ( R) —yC* ; — > Ar-Ch'-R + X~ 

2Ar— CH-R — > Ar*-CH(R)-CH(R) Ar 

Ar-CH-R + AlH~ * > Ar-CB 2 -R + A1H 3 “ 

Ar-CH ( R ) -X + A1H 3 ~ > Ar-CH (R) -X** - + AlH 3 



The halide ion/ X~, 


1 6 


formed in step 2 combines with AlH.^ giving 
aIH^X”. This anion either acts as a se.ur.no ol hydrogen atoms or 
donates an el ectron as an inferior alternative to Similarly, 

anions AlH 0 X“ and AlHX^" formed during the reaction can donate 
hydrogen atoms or electrons as inferior alternatives to corres- 
ponding anions with lesser number of halogen ah. ms (X) attached 
to the central alxmiinium atom* 

Sterionlly hindered ketones are reduced to alcohols v ia 
SET process as shown below in Scheme I. IS: 


SCHEME 1*15 
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Reduction of alkyl iodides with lithium di isopropyl amide pr .• coeds 
via single electron transfer process outlined in Scheme 1.16, 


S CHEME 1.16 

f 

SET i I , K A,\/'\ 


,A/i / i + l1nr 2 — -t a 

1 / I 




kT 


<_ 

' I i 

D isp report- 


'P'2 


f 


Li?TR,, 


\ J“ "A 

S' * .. . \*?l -I _ 


ai. 


ch 

i ‘ 

/ 

j 




ionation 



N>~ 



x e 


QJ.,1 


j chair 
initiation : S/ 


- \__J I 


'4, Ah 

7 A / 


Reduction of ketones, alkyl halides and .polynuclear aromatics 
by alkali metal amides and alkoxides have been shown by hsbby and 

-IQl. *jU 

coworkers ' to proceed via SKT pathway. S IIP pathway has also 

been demonstrated in the reaction of lithium dais op ropy 1 amide 

19 2 

with 7t -deficient heteroaromatics. The proposed mechanism is 

outlined in Scheme 1*17: 
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SCilE MK 1.17 
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In 1949,, it was observed toy Bender and Hass' ' that wn.i Lo 


p-substituted benzyl chlorides, p-R-C^H^CH.^Cl (R=CN, CF^*, , 

COOI 3 , COOCH^, CH^ or Dr) on treatment with 2-nitropropanate anion 
yield O-alkylated products, p-nitrotoenzyl chloride yields predomi- 
nantly the C-alJcylated product. Later, it was found that the ratio 

of the C- and O-alkylated products do, pends also on the nature of 

1 n 4 

the leaving group X in the p-nitrotoenzyl system p-O^NC^H^aux. ' 



O-alkylated product C-alkylatod product 

While the iodide and bromide predominantly give O-alkylated 
products, the chloride preferentially yields the C-alkylntod 
product. On the basis of these observations and other detailed 



studios, it was proposed that O-alkylation proceeds by tha usual 


8^2 displacement process, wnile C-al kvlation occurs by means oi an 

electron transfer process, in which radical anions and free radicals 

, , , . . . , . . 39 5,196 

are important intermediates . 


The mechanism for the C-alkylation reaction proposed 

197 193 

independently in 1966 by Kornblum et ai. ' * and Russell 

is outlined below: 


109 , 200 
et aJ . 


Initiation: 



P ropagation : 


Me, ; CN0 o 




*CH, 


31 


° 2 n 



-Ql 2 + Me ? CN0 2 


;r” 

... 1 ; 



ai 2 aie2NO., j 



The radical chain nature of this mechanism was established on the 

basis of the observation that these reactions are inhibited by 

oxygen 2 ^ and p~dinitrobenzene 2 ^ 2 and accelerated by light. 2< ^' 2 ^ 

'a similar mechanism, designated os S RN 1, was later proposed by 

2 24 

Kim and Bunnet for aromatic systems. Aliphatic S^l substitution 



also takes place at tertiary carbon atoms of p-n.i trocumy.l 

ui -3 204 , . .. 20 'i-?.ca . . , , , , . , 209 

chloride , a -p-dinxtrocumene, m-n it- roomily! chloride 

200 

and a ,m-dinitrocumene " ' with various nucleophiles. 


Purely aliphatic compounds also undergo nucleophilic 

*^( )B o -j r ) 

substitution with 2-nitrop ropanate anions / (Eqn.8) 


d- 1., 

i 3 

H-OC-a + Me. .GNU,. 
2 | 2** A 

NO,. 


11 -L 


-> tLd-C-A 
f 3 ! 


•I- MO,, 


(H) 


CMe^NO,, 


(A = CQOEt, COPh, CN, N0 2 ) 

oxyanion nucleophiles occass tonally combine with radicals 

of p-nitrofoenzyl type in the course of aliphatic .3 1 reactions. 

2 » 1 0 m 

Kornblurri a has s ugges tod with reference to canonical forms 
such as s 


0 


O' 


\ 

u 


\U> 


-ai„ 


\ / r -\ , . 

™ Ci 

v ,/ • 


that such steps can be considered, as Michoal-type attachments of 
nucleophiles to unsaturated systems . The filled outer shell 
orbital of the nucleophile interacts with a n -orbital at the 
benzylio radical site. For tertiary and secondary turn ay lie 
systems, Kornblum^*"^ has proposed that the initially formed, 
nitronic esters rearranges to yield more stable C-al3cy.lati.id 
products. That the coupling between p-nitrobenaylic radicals and 



WcU3 dt JUIC'D J l;x\' tec l 


oci-nitronate ions is dependent on storie factors 
oy Norris et. al. D ranching at tne carbon which is placed in- 

to the reaction site causes a shift in product distribution towards 
O-alkylation and away from C-aikylation. The association step has 
been proposed to be a kinotically controlled irreversible process . 

h. -Halonitro compounds of the types shown below, on treatment 
with nucleophiles, undergo substitution in which the halogen rather 

91 ?1 7 

than the nitro group is displaced, ‘ 


CH, 

I 3 

imo-c-x 

*0 „ 


X - Cl, Br, I 


r 



1'jQ/ 


NO, 




2 S .,- 1 
/ 

/ 


Nucleophile s : Me 2 CN0 2 , EtC(COOEt) , Me (CM) £( COO lit) . 


PhSChJ, 



a 1 ky .1 lit hiunis . 


S RN 1 mechanism is also found to operate in the reactions of 

Q‘.~nitro sulfides with nitronate, malonate and sulfinate anions . 

Intramolecular cyclization using appropriately substituted p-nitro- 

218 

benzyl chloride has been achieved (Scheme I. 18): 



22 


SC 7 mH K I.] 6 



An electron transfer radical-anion mechanism outlined in 

3 l«i 

Scheme 1.19 has been proposed by Singh et.al. '* for the reactions 
of 9 -bromo-9 -phenyl fluorene with certain nucleophiles (Scheme 1.19) 



SC HEME 1.19 




contd 





24 


Russell et.al. have reported teat organomerourio halides 


react with 2-nitropropanate anion, dialkyl phosphite anions " ’ 


and sulfinate anions 


220 


by s p N 'l pathways. React.! on of u- (p-n;i.tro- 


benzvl) pyridinium cation with 2-nitropropanate anion 


221 


has also 


been reported. Singh et al. have proposed an el action 


transfer free-radical mechanism involving a u — t tl electr *n 
transfer from naphthalene radical anion to > ,cg< i name r cu r i o ha 3 ides 
yielding hydrocarbon, dimer and diurga.nomoro.ury compounds 


Scheme 1.20. 


S CREME I . 20 


R-Hg-CJ. + C 1O H 0 


[ R-Rg-Cl]' 
R-Hg* - 


- [ R-Hg~clJ~ -!• c 10 h r 
R-H g* -I- Cl*~ 


-> R* -I- Tig 


o 


C. .H fl 

R - + R-Hg— Cl ± [ R ? HgCl] * — [u^gCl]** - 


£ R dig 


-I- Cl 


R 


THP 


*->■ R-H 


R + R* 


-£> R— R 


Similar reaction with LiAlH^ (Scheme 1.21) has also been 
proposed by Singh and coworkers . 1 ^‘ 6b Symmetrization of the aryl 
mercuric halides has been observed by these workers for the first 
time. Further reduction of these diox'ganomercurials, though 
relatively slowly has also been observed. 


3 CHIMB 1.21 


R-Hg-Cl + A1H 4 “ > [R-:Iq-Cl]“ -!- ~ aIH-j 

* 

[ R-Hg-Cl ]“ -> R-Hg* + 01“ 

aih 3 + Cl“ *> mh 3 ci“ 

R-Hg ‘ ^ R' + Hg° 


R + R— Hg— Cl — 
V 


if: [ R.digci] 


e £ ren t 

nil i , ~ 


x i.d-iqC.1 


RJIcj -|- Cl' 


R* 


K 


-2* 


R* + a1H 4 ^ R-H -I- a1H 3 

R-Hg-Cl -|- AlH.^ -> [ R-Hg-Cl] “ -!• Alil.^ 

2p'J 

H, Bigot et al . ' ' have.' reported a theortical ab Initio' 
study of Sp^l mechanism. According to them, the driving i'orco 
for electron transfer in the initiation step is the* spontaneous 
dissociation of the radical-anion formed and that the propagation 
rate of the chain mechanism may be determined better by diffusion 
phenomena rather than by energetic considerations . 


The aromatic Radical Nucleophilic dubstitutiun 

KM 

*) *) A 

mechanism (Scheme 1.22) may be generalised as follows? . *' 


SCHKM K 1. 22 


Initiation s 

Ar-X + electron donor — — > [ Ar-Xj -f donor residue. 


contd 


P rop a gn ti on : 


/.b 


[ nr-xj v ->■ AX'* -I- X“ 

Ar" + Y~ > [ Ar-Y] r 

[ Ar-Yj v + Ar-X Ar-Y -i- [Ar-x] 

Terminatio n : 

. SH v , T 

AX' A- AX'-H 

2/\r* ~f Ar-Ar 


by 


The overall reaction scheme is analogous 
197 199 

Kornblum' ' and Russell""" for substitution 


•to that proposed 
in aliphatic systems. 


The aromatic S ,.1 mechanism was postulated lior the firs t 
time in order to account for the results of the reaction of aryl 
halides with amide ion in liquid ammonia. The ratio of the 
two products VIIsVIXI, in the reactions of S~ and 6-iodopsou.do- 
cumenes with KNH„ in liquid ammonia/ was found to be? dep undent on 
the position of the iodine atom in the starting hairdo, Aryno 
intermediates/ if postulated/ would yield/ in these reactions, the 
two products in the same ratio. This fact coupled with the 
observed catalysis by light and inhibition of the substitution 
reaction by tetraphenyl hydrazine suggests the occurrence of the 
following radical chain mechanism in these reactions: 



27 



Most aromatic S 1 reactions are initiated either chemical. I v 

KN 

? 2 5 

by solvated electrons from alkali metals, electro lytically 
or photochemically . " Though the exact nature of the photo- 

initiated process is not known with certain! ty, evidence in favour 
of electron transfer occurring through the formation of an inter- 
med.lato charge transfer complex has been presented (Eqn.9) : 


Phi 


(EtO) 2 P0’ 


h V 


«> Phi. (EtO) ? P0 - 

(Charge transfer 
complex) 


[Phl]“ -I- (EtO) ,J.HI 


o 29 .i. 

Facile displacement of SPh, “ * NMed 


2 29 


and OPO(OEt) 


. ( 9 ) 

229-231 


2 


by some other groups via S^l mechanism has great synthetic utility. 



93 

Thus , Ar-OI-I can he converted .into Ar~NH 0 .in good yields'" under 
mild conditions (Eqn.lO) : 


Ar-OH •(Tf£§y^poc37’ ArOi’O (Ott) 


KNH , 


Ax'MH , 


... ( 10 ) 


The initiation mechanism of. the reactions occurring in 
224 228 

dark ' without addition o:t olectron-dunatinf) initiators (the 

so call <.ii autoinitiatod reactions) is obscure, core, a roasonub.l i ■ 
1 0 7 1 0 B 

possibility"" ' " ’ is a thermally activated electron transfer from 
the nucleophile to the substrate . 


161 ?37 

Singh et al , have jiroposed a mechanism similar to 


the aromatic S^l mechanism for the reactions of arenodiazon.ium 
salts with various nucleophiles as shown in Seim me 1.23. 


SCHE ME 1.23 


Initiation : 



# * 4 


contd 



?> 


'Cerjiii nati o n ; 






ai r .ou 

/ 

ai y <T 


Apart irom the nuol eofugio group, nitre rind hydroxy 
030 033 

groups, ‘ Interfere with 5^1 p roc joss os . Stertc hi nderunoa 

P. 1 4 23 H 

has no noticeable effects Ln those reactions , 1 tunnel " nan 
recently showed that the nucleophll xc reactivities differ In 
aromatic S RN 1 reactions by not more than a lector of LO, Ho 
reasoned that this is due to combination of at'yl radical with 
nucleophiles occurring at eneountar~controJ 1 ed rates. 


Photos tlmulated reactions oi haioutornafcJc compounds with 

potassium diphcnylarsenidu and potassium diphenyl stibi do in liquid 

* ^ 

93 6 

NH,^ have been reported by Rossi et al, ‘ These workers have 
suggested that in the process of coupi ing of an aryl radical with ! 

1 

y? a 1 

a nucleophile/ 0 and 0 HO l s arc formed, and ln case the 0 , MCVs 

of the aryl~As bonds are the lowest energy MO’s oj the system, 

scrambling of the aryl rings is observed as presented in Scheme 

X , 24 . 
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SC l l >- MK 1.24 


o ta rt i n <7 renc t- ions 


AT + ASPh, 


Scrambl ing 


AsPh, 


(AsPh.p 


i'h^Ar^ 



i’h> 

*Y 

(/vrASPh, ; ) 


2 

y\rASPh~.r- 

\ 

/\r*\ 


(a* jAfei’h 


At r) AS 

✓ ^ v l\ 

hVV ? \ \ 


y 

) 


i')l (30 L ton 

* *. w*N 

Irons rors 


Products J as P h , 


* 

ATACPb. 


* 


Ar 0 AsPh 



\ 

( M-^ac) 


4^ 

AV ^ As 


On the other hand, i t the n” HO of the aryl moiety is 
lower in energy than the a MOs of the aryl - As bonds, as tho aryl 
radical couples with the nucleophile, a o* MO is formed with tho 
odd electron and by Intramolecular electron transfer to thu rr“ MO 

K 

n o radical -an ion is formed and only the* straight forward subatl 
tutlon product is obtained, Thoortical cons j derat Jons confirm 

/f iff 

that the a MO onorgy of tho phonyl-As bond xs lower tnan thu n 
MO energy of naphthyl and phenanthryl moieties, thus lending to 

it 

scrambling of aryl rings. On the other hand, the Tt MO energy of 
quinoline is lower than the a MO energy of the phenyl~As bond, 
resulting in the substitution product. 



Aromatic .s_„i react rona have bu>n used t. oyn LhosJcu 
RN 

indoles, 239 bcnzo~[b]~ Uranus, 240 2-»u. ondolon 2 ' 11 and acetyl 
24 2 

methyl idlnes . ' For example, sec Eqn. 1J below: 



» * * 


( 11 ) 


An alternative mecnanistic possibility to ■ the propagation 

23 r >o 

cycle of mechanism nns been presented and dubtoed £>^2, 

Its characteristic fceature is that the nucleophile brlnqs about 


direct displncc-anont of the nucleofugal group from radi cal-anion 
[ Ar-x] v as shown in Eqn*3 2*. » 


JL 

[Ar~x] + Y~ - — — y [Ar-Yj ■+ X 


( 1 ?) 


According to this mechanism, tne relative nucleophilic 

reactivity with various substrates should depend on the leaving 

238 

group; but recently, Bunnett et al , have shown that such a 
condition is not necessary. 


3 2 

Reaction of 1-alkyLpyridinium cation wJ bh anions dorLved 

from nitronlkane and othylirw dona to was proposed to occur via a 

non-chain radical pathway (wSqn. 13); but KntritaVy and 
243 

coworkers have proposed that those nucleophilic substitution 
reactions occur via radical intermediates as shown in benome 


Ph 



rh 

i 





Ph ^N-"N Ph 


-1- PhCH 2 CR ? R 


(13) 


SClIJuMB T,?5 



+ : CR 2 R 


CTC 
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•CRjR'H- 



Ph " ’ s w^ N Ph 
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H ? C~Ph 
- 4 Ph 


©1 

|pi< l '^^S>h | 91n Ph 

—3 L.Y /-< 1->U 


Charge- transfer complex (CTC) 


— ^ 


Ph 
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).,» f n. 

1 1 OPh 


*cn 0 R' 


PhCH 2 CR 2 R' -l 



H 2 C-Ph jt 



Ph 
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Phr n >rh 


H C~Ph 
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The reaction represented by Kqn, 14 eons Li tv ten th< > first 
report of <\ radical •'■an Ion cruun substitution i (‘action with r Hylic 
roarrangemen t . 

ArCH = CHCH (Cl) Bu~ t I- X~ > Arai(X) CH=QiI3u~t + Cl~ 

(14) 

Where A r = p-O^Cgl-I^ end X~ * Me ? CN0 2 or MeC(C00J5t) 

This corresponds to an t> ^l 1 ruoahanjsin and has been named 
so by Norris and Barker. 244 

Electron transfer pathways have been proposed ^or the 
reactions of gominaJ ly and vicinally substituted leaving groups. 

The reaction of p-nitiobenzylideno dichloride with 2-nitropropnria to 
anion is postulated 245 " 247 to bo occurring in two stops as shown 
in Scnemc X. 2b, 


SCHEMA 1,26 


°2^ 


0 N~ 
2 



•CHOI 2 + Me 2 5N0 2 0 2 h 



•ai(ci)aie 2 wo 2 H cl ~ 

... (L5) 



QI(CI) 0Mo 2 N0 2 + Me ? CN0 2 ■ — -> 0 

2 



CH«CMe 


2 


MctC 

h 

° 2 " 


h 

ate, 
( ' 
N0 o 


+ no 2 i Cl 

... (i6) 
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Both the stops shown above are inhlnii ed by p-dxnj troberj^cmc 

and accelerated by Jtacjht, Eqn , L£i rop res onto a S^l reaction^ and 

24 h 

fox' tne react) on a ep resented by Eqn . 16, Freeman and Norris have 

proposed tne mechanxsm outlined in Scheme 1.27. 


S CHI ME X , 27 


ArCH (Cl) tMo^NO^ -I- Mo^CWO j [A rCH ( Cl) a Jo -!- Mo ; CNO ; 

* 

[ A ro I ( Cl ) CMo 2 N0 . ] ~ ~ — > ArCl 1 CM o ^MO 2 -| cl “ 

ArCHCMo „N0 ,, -!- Me o CN0„ — ~> ArCH~CIIMo 0 4 Me,,CNO , -I NO “ 

A A A * « A A A A A* 

« 

Me ? CN0 2 -I- Me^gNOg [Mo ? C( N0 ? ) C(N0 2 )Mc* ? ]"'' 

[Me 2 C(M0 2 )C(N0 2 )Mo 2 '' J ’ 1- Arai(Cl) CMq ? N0 2 > Mo 2 C(N0 2 ) C(N0 2 )*m\, H- 

[ Aral l ( Cl ) CMo ? W 0 2 ] v - 

Where Ar « OgN- ^ 



h 

J^reoman and Morris J havo named the above pathway as K R( .J 
(Elimination/ radical chain unirno l ocular) , Other reactions 
proposed to o«scur via E^ c l mechanism aro conversion of vicinal 
dinit roalkanes into alkcnes by treatment with thiophenoxido or 

sulfide anions and conversion of vicinal dinltro or jQ-nitrosul fones 

7AQ 

with tributyl tinhydride as shown in Scheme I. 28. 



3 r > 


S CHIME X.2B 


X 

Bu^SnH or Du^Sn 4 + ^ - c. 

0 2 N X 




4 . 

in « vi ' < 


^ Bu^Snll or Uu^Sn 

\ / 


0 2 N* X 
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C “ G v 

-'I I s 
°2 nT 


X 


\ / 

V - C + NO, 




X 


\ ✓ 
c - c 

^ * | V 

X 


v c = c y 

S s 


H X* 


X + Bu^Snll 


-> XII + Bu^&n 


Vicinal dihalides react readily with sodium naphthalene and 

049 ?50 

di sodium salt oI phenan throne giving olefins, " ' " 

?i r, ? 

Singh and Jayaraman " " havo invoked the presence ol bridged 
radicals in tho reaction of gem-dichl orldes with sodium naphthalene 
as shown in Scheme 1.29* 


R 2 CC1 2 [R 2 CC1 2 ]"“ — RjCCl 

r 2 cci — r ? c<ci)c(ci) r ? 

» 

r 2 c(cl)c(ci)r [ R C(C 1 ) C(Ol) R p ]~ 


[R 9 C(el) C(C1) R, ; ]~ > K 0 f>CR ? — f' R, ; C - CR ?< 


Cl 


Cl 
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Nripll 


\R 

n ? c « c:u 2 -j cl* 


A new reactive* intermedj ate ter nod oarbono radi o.U-nn i on 

251 

has boon proposed by Sargent and oowockuis In the; rt vie Irion 01 
2, 2-diahloro-*3 , 3-dimetnylbutane with sodjurn naphthalene. The 
p ropos ed mec t mn i sm is out! 1 ned i n S c n ern o 1,30, 


SaiJlMK 1,30 


h 3 c 


j „ 

a-i 3 c ( cn 3 ) 2 cci ? a i 3 > ai ^ c ( ch 3 ) 2 cci ai 3 — h 3 c~c«c~ch 3 + 


CH, 



ctu 



H 3 c 


or 


anion) 


Naph 


CH 3 C(CH 3 ) 2 CH 2 CH 3 CH 3 C(ai 3 ) 2 CHCH 3 


Cl 


S‘t 


Paso catalysed elimination tractions of 4~nitroben7.v 1 

?h I 2b4 

halides and dimethy l-4-nitrobenzylsul Eoniuin Lon, J ' have boon 
reported to occur vi a electron transPor pathways, 

1 24 

Recent] y, Ashby et.al. have reported *33 R signals, ylvmg 
evidence for a single electron transfer mechanism to bo operative 
in aldol condensation reactions. The possibility boat a radical 
chain mechanism may bo operating in the reactions was J nvost l gated 
by carrying out roue Lions under normal Laboratory llgut, in dark, 
and in the piesenco of b mole per cent of p-dj nitrobenzene, 

Single electron transfer pathway has also been proposed An 

bonzllic os tor and/or acid reari angoment by dcrettas Gt.al,^ (> , 

% 

Renzil and 9, 10~phenanthrene dionc are transformed into the toons'. 1 1 • 
acid-type esters by the action of Li~tort butoxido in THF -benzene 
medium. The sanidionc oE the diketone has been shown by FSR to be 
an intermediate, 

127 

Radical rnecnanism ‘ was favoured tor boisorrti aimer rearrange 
mont by finding out that In the icarranqomont of MoPhlT(O) -CHpPh, 
MePhNO was detected by ESR and aLso that this rearrangement cou]d 
bo carried out photochcrnlcally as well as thermally, 

i 28 

Radical species have been observed by means of 1SR in 
the Cannizzaro reactions conducted on various substituted benzalde- 
hydes with NaOH in THF/HMPA (9;1). The radical species have been 
identified as the aldehyde radical-anions corresponding to the 
particular aldehyde studios. 


3 8 


D I root evidence lor one el oo Lion brans for mechanism In tho 

reduction ol arenodLafion lum salt has boon obtained by .Shinto Yarn'll 
148 

ot.ai* The proposed mechanism Is ouLiinod boJow; 
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H 



e transfer 


4 ~n 


^ HNAH' ! 'Ar 
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(bn/mO 


>/ 

Ar -I IJNAH 


II 1 ' or [u, ]-trans J or 
1 n cage 


n na 


Adi 


free rat! 


1 cal 


Aril A- 


radical chain 


reaction + MeOI 


Concerning tho reduction oi alkyl halides by lithium 

141 

aluminum hydride, /vshby ot.ai. ' nave given evidence that aIH^ 
produced in situ is trie one electron transfer agent as evidenced 
by tho cycl if.od products in the reduction oi 6-iodo- 1-hep tone, by 
the trappinq o-<* tho radi cal and by storoocnanioal studios of 
2-halooa bancs . 

The reaction of cirri gnard reagents with thi obenzophenont- 

, 142,343 

havo boon shown with the help of ESR to follow radical mechanism. 

Photoly tically generated tort, butoxyl radicals react with vinyl 

and proponyl cithers by hydrogen abstraction and addition to the 

1.^2 

double bond; Korth and Sustmann ' have done a detailed i*SR study 


of the above reaction 


19 


Kleohron brans fcor media Ltd reduction of N~cnl oronuct inimldt 
by succtnimido anion has bun studied by I '• a rry et nl. ' l 1 ho 
succLnimtde anion S~, generated by 2* electron roduotLon of SB r, is 
an intermediate in thus .re ‘action <md the same has boon demonstrated 
by trapping experiments Jn which tile anion Is captured by an 
alky] a Ling agent suen an methyl tony] ate, to give N-*alkyL svu.ee Ini- 
mldos. The stops involved in this process an- shown in Scheme T.U. 

SOMME! 1. 91 

(over all enaction) 

S tops involved In 
over all a eaction. 


lvl > 

Padwa ‘ has reported free radical cy cl Lisrt Lions o~ sev^-raJ 
bromo ally l and dial lyl subs U Luted sul tonnmlclos, According to 
him/ the rogiochomical course of these cvc.l tzatj ona depends on the 
nature of the substituent groups attached to the H~bond. 

Bromination of a few alkyl aromatics have boon carried out 
by Stnqh ct al. using WHS in polar solvents - DMr and acetic 
acid. The observations of these workers indicate that botn free 
radical chain and ionic mechanisms are operating simultaneously 


SBr H- a b 4 Br“ 

■ SB r I- 2e — ^ s” h Br“ 

snr + s~ -> 2d* h nr - 

SB r S — — i. q 
C ~y 2 S 4- Hr" 
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and in competition with each o l nor. Occurrence of competitive 

side-chain vs nuclear bromina lion react Lons on LoJuene using HgO- 

J 47 

Br^ reagent has also been demons Oral* eel by Singh oL ni. 

Photosynthetic reactions arc also known to occur mostly 
by one electron transfer processes. 5 ,-v study of the superoxide- 

NADH system has revealed tnnt the oxidation of NADI I in the presence 
of an onayme-laetato dehydrogenase/ is a chain react Lon for whJeh 
the mechanism outlined Ln He nemo 1.3? has been suggested. 

SCI DU D T,3 ? 

LDH - NADH 

LDII-NAD I- H ? 0 2 
LDII-NAD* -t 0 ~ 

IJD1I H NAD 

Transition rnotaL complexes occuring in the coll have boon 

25 r >-?50 

found to catalyze the decomposi tion oL peroxides. ' “ ‘ The 

process is tnought to be stmliar to the weli known Itaber-Woiss 

r\ /£/> 

cycle in which iron catalyzes the docompos i tj on of by an 

electron transfer pathway/ leading to the formation of hydroxyl 
radicals as shown in Scheme 1,33, 
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Several oxidative enzymes, such as xanthine oxidase/ nine 
produce hydroxy L radicals 2o ‘ , ‘' 2 62 by a sequence 03 . reactions 
involvlnq oupuroxi&e Jon and hydroqen peroxide In the presence of 
chelated iron as shown in Scheme 1.34. 


sen IMP 1.3 4 


Reduced Plavin-ena I 0^ 


Plavin-enx + 
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2 0* + 21 f' 
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n 2 o 2 + 0 ? ~ 

ADP~Fo 2+ + H 0 2 
0 2 ” *! ADP~Fe^"'* 


diomufcSou V u 2 * u 2 

o *h 611 + 01 r 

^ oil + (3h + ADP-Fc*^ 

^ v ^ 


Hydroxyl radicals so formed are potent oxidants and may 

initiate chain reactions in the surrounding lipid membranes loading 

9 6*3 

to the destruction of tissues and consequently to aging. 
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Toxicity In smal 1 doses of onJ oro compounds , r .uch os 
chloroform ond CCl^, has boon suggested to be duo to too peroxi- 
dation of endoplasmic reticulum lipids in a reaction initiated by 
an eLectran transfer from electron donors such as donor sites In 
enzymes . (£qn, 3 7), 

CCi 4 -1- c~ CCl\ * 4 Cl~ ... (17) 

Ethano L , even in small doses , may induce a radical cnnln reaction 

in the liver m Ltochondr Lai lipids possibly lenduitj to tat aornwm l*.»~ 

tlon and necrosis typical ot alcohoLism. In this case too, Lite 

initial radical production may i tuu !. t by an electron Irons lor 

2bn 

from an intermediate in the normal electron tranbpoi t cnaln. 

Thus/ electron transfer processes leading to tne formation 
of free radicals have been reported to occur m several important 
biological systems too. The foregoing discussion highlights the 
significance of < lection transfer processes in chemical and 
biological systems. 

The above discussion reveals that though much ground has 
been covered in tne area of electron Liana fer processes/ a lot 
still remains unexplored/ offering opportunities for mechanistic 
Investigations. Keeping this in view# we have studied a few 
reactions, described in the following cnaptors/ which were known 
to proceed by uncertain pathways and have now been found to 
involve electron transfer processes. 
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RJSDITCPWJE CIJRAV/tfJfi Of'’ DlC RGAnl MERCURIALS 
VIA STNGLiJ) J3LECPRON TRntSRER 


11,1 Ajps t ract 

The reactions of a few symmetrical and unaymii'atiioai 
oj ganomercurials K-Hg-R and R-.-ig-R 1 vjii., dibenssyl mercury, 
diphenyl mercury and pnenyl-p-toJ yl mercury witn varying amounts 
of sodium naphthalene in THF solvent were examined at 30°c under 
nitt-ogen atmosphere. Instantaneous separation 3f metallic 
mercury was observed in each of these reactions, lies ides, 
naphthalene and monomeric nydrocarbons , dimeric 1 products R-R In 
the reactions of R-Hg-R and mixtures oC birryLs in the react ions 

i 

of R-Hg-R 1 were also obtained. Tne recovered starting materials 
from incomplete reactions of R-Hg-R 1 contained small amounts of 
R-Hg-R and R’-Hg-R 1 also, fhougn tne reactions of diorua.no- 
mercuHals with ecfulmoiar ouantities of sodium napntnolene were 
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largely incomplete in JO min./ more oC tna starting material was 
consumed on increasing tne reaction trine. Tne reactions were 
complete in 30 min, witn twice tne molar quantity of sodium 
napntnalene , On tne bas ls of tnese and otner observations/ an 
electron transfer free radical mecnanlsm involving the occurrence 

x 

of a n — > n electron transfer from tne naphtnalene radical anion 
to the diorganomorcurials has been proposed t.o account for the 
observed /acts. 

Tne reactions of tne same tnree above mentioned oiganomoi- 
curials witn in THE* solvent at 30°C under dry nitrogen, 

commoncod with th ra evolution hydrogen eras and simultaneous 
separation oi metallic mercury. 'Oacn diorganomorcury R-ig-R or 
R«Hg~R 1 , completely reacted with an equimolar amount of LlAl in 
30 min, yielding organic compounds similar co those obtained in 
tne reactions with iMa'bapn . Formation of in these 

reactions is considered uni ilcelv, A new electron transfer 
mechanism has been proposed watch satisfactorily accounts foi the 
initial generation oC radicals and anionic intermediates, besides 
rationalising all the observations recorded _:or chese reactions. 


0*5 


II.? Int rjoduct i on 

Whitmore 1 s ^ creatise deals with the nistory and important 
developments in tne cneirustry ol organomeccury compounds. Initial 
studies of FrankJ and^ on tne preparation of o rg a name rcur i a Is have 
been followed by an ever-increasing interest in the properties 
and reactions of these materials. One of the oarLiest investi- 
gated reactions o'- Loose compounds was the orotic acid cleavage 
of tne narbon-me rcury bond. 

A systematic study of the acid— cl eavage reaction of 

diorganomarcurial s in acetic acid solvent was reported in Lh'jS 

3 

by Winsteln and J‘i- rt yior. 

stoichiometry and rate 
expression for acetolysis o + 
di alkyl mercury compounds. 

1 seudo first-order rate constants^ were round -or tne compounds 
dipnenyl mercury, ai-^wc -butyl mercury, di-n-outyi mercury and 
di neophyl mercury. Tne reaction rate found to be in Lne order 5 
sec-butyl n-butyl is opposite of tnat found for tee cleavage 
of unsymmetrica! dlalkyl morcury compound. This illustrates the 
dependence of tnese reaction rates also on tne second substituent 
attached to m^rcurv. 

Che effect of added sodium acetate was investigated in the 
cleavage of dlneopnyl mercury. As no change in che rate was 


R -”3 K m + RHC J° AC 

Rate = k [ RdgR] 


\ 


UO 


observed, it was taken as an evidence chat neitner nucleophilic 
attack of acetate ion on mercury nor reaction with tne conjugate 
acid of acetic acid Is important. Added percnloric acid gave 
greatly, tne ennanced rates, and under these conditions, obeyed 
second-order kinetics. 

The mechanism proposed cor the acetolysis reaction was 
classified as S T ,i involving mo Locular acetic’ acitu 1'he S lt 2 
mechanism using proto aa+ed acetic acid was suggested for tno 
bimolecuiar reaction wnicn occux'red witn adciod poronloxic acia, 
but it was pointed out that poss i o Hit Los such as ion pal 1 irvo l mo- 
ment could not bo ruled out, 

RHc/R HClO T : ! PAeisolventl_^ kugclO. RH 
r=k[ HC10 4 j [ HI IgR] 

=k[CH 3 CO ? F^][RHgR] 

r* /t 

During trie course o': tnts work 5 ' It was seen that alkyl 
mercuric cation was undergoing decomposition to yield metallic 
mercury and acid. This reaction was attributed to oxidation of 
solvent by alkyl mercuric cation reflecting a situation akin to a 
simple solvolysis proceeding through a carbocation. 

Several orgar^mefcallic and organoelemental compounds have 
been prepared from organomercury compounds by reaction with halides 
of other metals ana non-metals and also by the action of free 


jiquat ion and 
expression for tne 
pe rcnl orlc ae Id- 
catalysed react ion. 


metals / resulting in otyanometal lie compounds of tne latter (i.o, 

7 

other rnetals actually used) . Treatment of dietnyl mercury with 

8 

sulfuric acid giving pure ethane was suggested by Schorlemrner , 

9 

m 1864, shortly thereafter/ Otto demonstrated anSJogous aciu 
cleavage of dinryl mercurials and also examined too reactions of 
severaJ otnor ro agents wiun tno aryl carbon mercury bonu. 

Generally/ cleavage or uluikyJ compounds occurs mucii more 
readily tnan tne correspond.] ng reaction of tno alkyl mercuric null 
since/ electronegative elements attached to mercury would tonu > 
lower tne electron density at cue carbon site. 

£ ci c i 1 © 

R-Hg-r -i- HY { irifjy 

R-Hg-Y + HY ~ ^ - - 1 RH ^ 1 IgY 

Khara&ch in 19<! r y studied l no acid cleavage of unnymm- 

etrical oryanomercur Lai s , relative ease ol cleavage of mixed 

alkyl and aryl organomereux ials by bOl wna dt- u ormi nod in 

10c 

tnese experiments, kharusen ' and Flanker/ consequentlV/ anve 
several important conclusions 

(a) tne aryl carbon-mercury bond is broken much more readily 
than alkyl ca rbon-mej cn ry bond; 

(b) the positions of tne toiyi, pnenyl and cnloropnenyl groups 
parallel their respective rates ot nitration; 
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(a) any substituent replacing a hydrogen of tne me thy L qroup 
causes a decrease in relative rate; 

(d) cnaxn brancning and increasing cnain lengtn load to a 
decreased relative rate 01 cleavage. 

Formation of hydtocoroon and oleCmlc products by reduction 

1 1 

oi da organomorcu rials nas oeen established lay Wricfhc. 



However^ it is we] l known that dialkyL mercury compounds 
are stable to water and alcohol and sinca carbani ons would be 
expected to react immediately witti those solvents, It is clear 
that ionization cannot be occurring. 
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T ne or der oi- d ecrcasmcj eage o £ clea vage of g roup s 


la_.ynsymmetri cal ore fa nomercurials by nydrogen 
cnlorlde accordincj to Kha ras c h and cowo i~ke rs ^ ® 

Aryl 

Alkyl 3 

p-anisy 1 

mo tliyl 

o-anisyl 

othyl 

a -naphthyl 

_ ,h 

n-pjopyl 

p-toly! 

1— I 
>1 
-H 

I 

r~> 

*-< 

in-tolyl 

is Orimyl 

phenyl 

benzyl c 

p~chloropnenyl 

eye Lonexyl c ' 

o -c nl o r op ne ny i 


m-chlorophenyl 



a. '.11 the alkyl subs tttuents we re found to be cleaved loss 
readily tnan the aryl subs tj fc non ts , 

b. The isopropyl qroup fell below n -propyl in tnts series , 
but its relationship to n-butyl was not definitely 
establis ned. 

c » l3otn t-butyl and fl-yinenyl etayl fell below benzyl, but were 
not furtner Interrelated, 

d. 'T’he effect of increasi ncr c ain lena 1 ' n xs snown by tne 

relative position of n--C 16 H 33 , wnich was found t • be comparable 
to cyclohexyl , 
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A simple second-order rale law nas boon founa significant 
1 2 

by Perdel and Makower who examined the scission O’" a senes 
of da alkyl and diary 1 mercuraaJs by moans of -ICl m aqueous T-P’ 
and dioxane solvents. They determined the sequences. 

di-p-toi yl^> di-o-tolyl di ~rn~tolyl > dipnenyJ 

and 

di - ( '* -phenyl propy] ) > dd “H-pnonyl ethyl) N, riibencyl. 

Orqanomercurialb react witn cloctrojios ita vo metals by an 

oxidac i.on-xoduct ion process. Tno reduction usually proceeds Riot 

to give initially tne diorqanomeroury compound and metallic mercury 

and tnereafter, more slowly to give tne metal-alkyl and more free 

mercury, rne electropositive mtuals wnirn have ieen oinjiloyed are 

sodium * , copper ™ , a Inc* and magnesium besides cadmium/ 

19 

copper and silver 

2 RHgX + 2 Pa ■» R ? Hg -l- Hg° 2 RaX 

Rgllcj + 2 Na 2 PNa *1 Hg° 

20 

Vinyl mercurials are also known' to undergo r rec radical 

chain substitution with US 3 R/ Ph3 eScPh, PnTej’ePh or PhSO^CJ ♦ An 

addition elimination process similar to cnat shown below has 

H 

• i 

R 1 CH=CHHaX + Y" > R'CH-C-v ) R 1 T:i=£HY I- *IIqX 

\ 1 
‘‘HgX 

Y « R S m t RS0 2 " ; (R0) 2 P0“; R0P(R')G~. 

been proposed for these substitution reactions. The propagation 
steps postulated Ecr tnese reactions are as follows: 
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In view of the facts unat sodium napnthalene is an 

2 i- 04 

excellent source of electrons ' and litnium aluminium hydride 

U go 

can serve as a single electron as well as hydrogen atom donor ' , 

we decided to examine bne details of the mecnanistic roles of 
tnese two reagents in tne reductive cleavage of organomercuri als . 

1 1 . 3 Results an d_ D iso us s ion : 

Reduction of diorganomercurials has been affected ny a 

variety of reagents such as sodium mctal 1 ^, hydrogen chloride 10 
11 

and hydrazine ; but the mecnanistic details of these reactions 

are obscure. Though/ napnthal one radical anion is known to 

21 9(4 

reduce arene diazonium cations ' and certain benzyl ic halides 

V» is 

via a n — > JT electron transfer pathways, its I'eaction witn 
diorganomercurials has not been reported in literature, Occurrence 
of a new electron transfer mecnanism involving radical i nterrnodi ates 

in the uncatalyzed 1 Lthium aluminium nydride reduction of b 2 - 

2 S 2B 

cnl oros ti I bene and certain benzyl ic halides ‘ nas been demons- 

trated in our laboratory. 

'29 

a wide variety o-* rev c tion oathways are available to 
orgsnomercur 1 als , 7-ome » 1 those nave been observed and documented, 
otners suggested but unproven, wnile still nore ar -> notential 
mecnanifcms w'nicn may require special forcing conditions to come 
into play. In view of tnose facts, we na^e examined tho reactions 
of a few diorganomercurials withsodfum naphthalene as w-j LI as 
litnium aluminium nydride to eJucidate tne relevant tnecnanisms . 
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The reactions o± di benzyl m ‘‘rcury lap diphenyl mercury lb 
and phenyl-p-tolyl mercury lc witn varying amounts of sodium 
naphthalene In TIIF solvexit at 30°C under nitrogen atmosphere gave 
the products listed in Table II. 1 along witn an lines timated amount 
of metallic mercury vmicn was also obtained in all these reactions . 

Table 11,1; Peactions a of dJ o rganome t cur i a Is I w 1th s odi u m 


napn thalcne 


JRun 

Di organo 

mercury 

R-Ilg-R' 

1 

Molar 
rati o 

•a. 

c i • 

10 8 ‘ 

R2ac~ 

L.i on 

1 time 
(ma n) 

R~- 

1 

la 

1 .00 

30 

16 

2 

la 

1,00 

3 60 

21 

3 

la 

2.00 

30 

65 

4 d 

la 

1 .00 

30 

1 2 

5 d 

la 

* 

2.00 

30 

.68 

6* 

1 

2.00 

JO 

71 

?f 

lcl 

1.00 

240 

16 

8 

lb 

1.00 

30 

31 

9 

lb 

1.00 

3 60 

34 

10 

lb 

2.00 

30 

80 

ll d 

lb 

1.00 

30 

24 

■p 

12- 

lb 

1,00 

Z 40 

22 

13 

lc 

* 

1 .00 

30 

15 

14 

lc 

2,00 

30 

41 




'T * + -***t*T< * 



f 

/o 

R~R 

Y ie 1 d 

R' — ri 

of products 

R’-k 1 wapntna- 
lene c 

d Lurr i u< 1 
ill..*- era a l 
1 

6 

~ 

- 

8 6 

lb 

7 

- 

- 

90 

vo 

31 


- 

90 

- 

5 


- 

0 2 

02 

3 2 

- 

- 

90 

8 

27 


** 

87 

- 

5 


~ 

89 

74 

6 

- 


88 

61 

7 


- 

93 

57 

18 

- 


92 

- 

5 

- 


90 

68 

6 



90 

63 

4 

10 

g (St) 

85 

60 ^ 

9 

26 

20^9) 

91 

- 
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T able 11,1 ( con fad. ) 

*~3 

a) 5x10 mol ot- R~Hg*-R‘ were reacted with Na"^C nA .Io X in T.-iP at 

Q ll) O 

30 C/ under h 2 atmospnere; las R=R 1 =C 6 :i l -Crt ;? ~, lb: R=R' -Cg and 
lCJR-CgHj., R 1 =p-H 3 C-C 6 H 4 ~ 

b) Percentage based on diorganomercury, unless otherwise stated. 
An unestimated amount of metallic mercury was also obtained 
in these reactions , Mercury was separated from otner products 
during work up by filtration through celite. 

o) Percentage based on sodium naphthalene, 

d) In the presence of 5x3 0~- mol naphthalene added from outside. 
Yield of naphthalene based on the total amount of naphthal one, 
obtainable from initially used Fa' ! 'C lC) H 8 * as well as C^Hg 
added from outsiaa, 

e) In the presence of cumene (0,1 mol), 

£) In the preserce of MgDr^ (0.03 mol). On subsequent .reaction 
with benzop'nenone, benzyl diphenyl carbinol (5% yield) in run 7 
and triphenyl carbinol in run 12 were also obtained, 

g) Yield of R'*~R' i.e,, p,p'~bitolyl as indicated in run 13 
appears to actually consist of a mixture of isomeric mono- 
metnyl biphenyls (ca. 6%) and a mixture of isomeric bitolyls 
(ca, 3%) and that in run 14, a mixture of isomeric monometnyl 
biphenyls (ca. 13%) and a mixture of bitolyls (ca. 1 %) . 

h) Yield of tne starting material 1 rrcovercu as indicated in 
run 13 appears to actually consist of phenyl p~tolyl mercury 
(ca. 51%), diphenyl mercury (ca. 4%) and p-p'-ditolyl mercury 
(ca. 5%). 


i 

, ! 

i 

1 r 


I 


lb 

'he reactions with equimolar amounts of sodium naphthalene in 
>0 min (runs 1, 8 and 13) t were largely incomplete; but on 
.ncreasing tne reaction time/ more of the dj orq a nomercurial 
-eacted in each case (as seen in runs 2 and 9) . The reactions of 
.ne same three diorganomercury compounds were complete in 30 min 
rith twice tne mo] ar quantities of sodium naphthalene (runs 3 , 10 
nd 14) , 

Detection of oenzyldiphenylcarbinol in tne 3 cacti on ot la 
run 7) and t rip he ny 1 c a rb i no 1 in tne reaction o<- lb (run 12) as 
• roducts indicates tnat benzyl carbanion and phenyl carbanlon/ 
espectively exist as intermediates in those reactions. 


-i- MgBr ? $ R-WgDr + Lr 

R 


R 


R-MgBr + Ph-C-Pn 
0 


/ h 30 + / 

> Pn 0 c -- 1— > ph 0 c 

^ \ ^ X 

OMgDr OH 


Tne formation of dimeric products i.o, biarryls in all 
.hese reactions, particularly, isomeric mixtures monomethyl biphenyls 
.nd ditolyls in runs 13 and 14 also suggests the existence «£ free 
'adical intermediates. That the free radical intermediates arc 
.ctually involved in the reaction is supported by the observation 
iade in run 6 whejrein the presence of cumene - a hydrogen atom 
Lonor in the reaction medium results in the formation of toluene 
,n higher yield at the expense of bibenzyl. 


Generation of both aryl anion and aryl radical Intermediates 
dmost simultaneously is indeed expected in these reactions in view 
if the presence of a strong electron donor - sodium naphthalene 
Na^Naph”) , 
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R-Hg-P -I- Naph~ ^ [ R-Hy-R^ “ + v a ph 

[ R-Kg-R] “ R-Hg 4 I- :~R 

R-Hg* > R* + Hg° 

The formation of metallic mercury along y,itn otner products 
togetner with our addicional oooerva cions recorded tn Table IX >1 
and elsewhere 29 adequately support tne occurrence of on eLoctron 
transfer mechanism outlined in Scheme 3 1 , l watch we suggest Tor 
tnese reactions. 


SCHISM'S II. 1 


R-Hg-R 1 + C 1Q H 8 " [R-Hy~R']“ + C 10 .1 B ... ( l) 


( 1 ) 

[ R-Hg-R* j ~ 

( 2 ) 

[R-Hc>R']*" 

( 2 ) 

R-Hg* (or R'-llg*) 
(3) (4) 


( 2 ) 

R-Hg * i- : "r 1 
(3) 

-*• R'-Hg- 4. s *"r 
(4 ) 

V Hg° h R, (or ft 1 ,) 


... I 2a) 

... (2b) 
(3) 


R, (or R',) JLS^trasM OfLJromiH^ R „ H (or R .^j 

... (4) 

2R, (or 2R'.) - &&&£!£&&£& — > R~R (orR'-R 1 ) ... (5a) 

R. + R l . R-R 1 , . , (bb) 

R. + R-H (or R’-H) toSiS^ R . R(or r-r-) + K‘ (picked 

up oy 
radi cals 

( 6a) 


* ► » 
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R' . R-I-I (or R 1 -H) 5§ S> p _ ^ i (ox R' ~R 1 ) + li* (picked 

up by 
rndtoalr 

4 W ( 6b) 

C in !-C R-Hg-R 1 -1 :~R ..(7a) 

R- Ig-R 1 + R. ^ I R-Hg-R 1 ] *•-—“> [R-Hq-R 1 (l) 

L i - l' ^ R-Hg-R + :R' ..(7b) 

CD ( r 0 ' (6) C7) 

C i n^I « ^R'-.Ig-R’ + i "*R . (0d> 

R-Hg-R 1 -l- R' . — * [ R-Hg-R 1 j — [ R-Hg-R 1 1 10 

^-" L 1, L P-Hg-R' + : It' .(Mb) 

U ’ R C8J (?) 

: “l< (or t*K’) 223£°aJiSSLT !, £* R _ ri (orR'-H> . . <«) 


R-Hy-R 1 


[R-Hg-R 1 ]’ 

*C6) 


R-Hg-R 4- :"V 
(7) 


* « ( LOa) 


R-Hg-R' + :R' 


[ R-Hg-R 1 J ' 


R* — Hg— R 1 + : R 


. . (U)JDJ 


The reaction is initiated by tne trv-ns for of an electron 
from tno 11 * hO of naphthalene radical -anion to cno lowest unoccu- 
pied mo] ocular orbitaJ (LUMO) of 1* Tne rovers mil tty of step 1 
Is evident from tne retardation o*. tne reactions o£ la and lb in 
tne presence of added naphhnalene (equilibrium snifts toward- the 

left) as seen in the runs 5 and 11 respectively. The radical anion 

3 1 

2 formed in step 1 fragments to yieJ d tne hignly uns table organo- 
mercury radical 3 or 4 besides a carbanion as shown in steps 2a and 
2b/ tne bond cleavage taking place in accordance witn tne 


l 

r 1 

I 

I 

l 

l 

i 
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cb f-orential in tne electronegativities of mercury and carbon 

atoms across tnab bond. The decompos a t ion of radicals (3) and (d) to 

yield metallic mercury and carbon radicals as s hown in step 3 is 
3 2 

Icnown to be rapid at our reaction temperature. Besides xeaccing 
as snown in steps 4, 5a and 5b, the radicals R, and R 1 , may add to 
(l)givang adduct (5) or (6) ' which on acceptance of an electron 

from naphthalene radical anion regene rate (3 ) (s taps 7 a and 8b) and 
also give R-lIcj-R, (7) or w'-Hg-R 1 , (10) as shown in steps 7b and fta, 
respectively. Diorganomercurtals (7 ) and ( L0) are indeed formed m 
runs 13 ana 14. as cumene donates a nyarogen ucoin to benzyl 
radical with greater ease tnan IMF does, tne observed increase in 
Ine yield of toluene at tne expense of bibenzyl 'm man 6, establ i~ 
snes tne existence of free radical intermediates. Tne C~H bond 
s trengtn being greater than tne :Jq-J bond strength, the nydrogen 
atom abstraction by R-Hg* or R'-.-lg* radical from cumene to yield 
R~Hg»H or R' •»Wg*-M is nicjnLy uni lively. 

Formation of R~H and R'-l bn rough radioc It outlined in 
step 4 may occur to a greater extent through carbanions produced 
in steps 2a, ?b, 7a, 7b, 8a, 8b or or nor wise as snown in step 9, 
Carbanions : ~R and ; *~R ' existence of wnich as intermediates is 
proved by tne trapping expariments in nms 7 end 12 are also 
capable of reacting with (1) in a slow, reversible manner proauemq 
diorganomercurlals ( 7) and (10) actually found among the products in 
runs 33 and 34 as snown in steps 10a and 10b, 
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In addition to tno modes snown in Scheme II , i, caibanions 
may also Ixe produced by the reduction of corresponding radicals 
with sodium naphthalene, 

« 

P. (or R'.) -I- C i0 n“ > “s k (or .~R') -t C 10 :l 8 

This is In agreement with the observed increase m the yieLds of 
monomeric hydrocarbons (vide stop 0) m the reactions of diorgano- 
mcrcuriais carried o\rt with LwLco Luo inoJar quantities of sodium 
naphthalene (runs 1, 10 and 14) , 

The presence of an excess o-' sod rum anpnthaleno aids the 
completion of the reaction by forcing tne equilibrium or step 1 
towards llgot hand side. 

The reactions oc the same tnroo diorqanomercurial s (la ),(lo) 
and(lc)with varying amounts of litnium aluminum hydride (LAH) in 
THF medium at 30°C under dry nitrogen atmosphere gave tno products 
iistecl in Table 11,2 along with an unestlmntod amount of metallic 
mercury which was also obtained in all those reactions. 
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Table II,?: 


Reactions of diorqa nomercurials £ 


witn LtAlU^ 



Diorgano 

mercury 

LiAlH. 

React- 
ion 
time 
(mi n, ) 



% Yield of 

products ^ 


Run 

R~Hg~R' 
1.0,005 
mol . 

mol , 

R-H 

R—R 

R'-H R 1 R 1 

Unreacted 
s tarting 
material 

8^ (ml) 

1 

la 

0,00b 

30 

64 

3 2 

~ — 


52 

2 

la 

0,0025 

30 

54 

26 

- 

J 9 

47 

3 

la 

0,00125 

30 

4 2 

12 

- 

32 

30 

4 

la 

0.00125 

300 

45 

14 

- 

27 

35 

5 d 


0.00125 

30 

48 

8 

- 

44 

38 

6 

lb 

0,005 

30 

81 

15 e 



5b 

7 

lb 

0,002-j 

30 

56 

10 


31 

50 

8 

lb 

0.00125 

30 

45 

8 

“ 

43 

30 

9 

lb 

0.00125 

300 

48 

9 

- 

3 6 

3 5 

10 £ 

lb 

► 

0,005 

30 

46 

9 

- 

40 

60 

11 

la 

0.005 

30 

39 

5 

3 6 3 0 g 

- 

60 

12 

Jc 

0.0025 

30 

24 

3 

16 7° 

48 h 

40 

13 

lc 

0,00125 

30 

13 

2 

11 3 g 

62 h 

JO 

a) 

Reactions 

conducted 

in THF 

(60 ml) at 30°c under dry nitrogen. 


la : R”R 1 *C 

6 H S CA 2~' - 1 - 

:R~R'=C 

pH r — 

6 5 

and 

3c:R=C 6 Y 5 ~, 

R 1 s=p-H 3 C- 

• C 6 ri 4“ 


Table II.2(contd.) 
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Tab le II. 2 ( conbd.) 

b) Percentage yields based on R-Hg-Il 1 . unes timated amount 

of metallic mercury was also obtained as a product in all the 
react, j ons » 

c) Vol, of was determined at atmospheric pressure by comparison 
with control experiment in tne absence or 1 using same batch 

of reactants and solvent under identical conditions and tnen 
c<. averted no NTP. 

d) In the presence of cumene (0,1 mol), 

e) Yield remained essentially unaltered on estimation before and 
after work up of tne reaction mixture, 

f) In tne presence of napnthalene (0.005 mol) , Napnthalene 
was recovered back unchanged after tne reaction, 

g) Yield mentioned under R'-R 1 l.e, p,p'~bJtolyl appears actually 
to consist of isomeric monomethyl biphenyls (ca, 7%) and 
isomeric bitolyls (ca. 3%) in run 11/ isomeric monomethyl 
biphenyls (ca. 4 %) and isomeric bitolyls (ca. 4%) m run 12, 
and isomeric monomethyl bipnenyls (ca. 2%) and isomeric 
ditolyls (ca. 1%) in run 13, 

h) v ’ieJda of the starting material actually consists of phony 1 
p-tolyl mercury (40%), diphenyl mercury (3%) and dt-p-tolyl 
mercury (0%) in run 12, and pnonyl p-tolyl mercury (b2A) , 
diphenyl mercury (6%) and di -p-tolyl mercury (4Vo) in run lu . 


8 ? 


Reactions or ( 1 ) {0 ,005 mol) wi tn LAV (0, 00126 mol) 
were accompanied oy tne evolution o*. Hydrogen gas and separation 
of metallic mercury were largely incomplete in. 30 man; but some- 
what more reaction took place on Increasing tae reaction time. 

With equimolar quantities of the two reactants, all tne starting 
diorganomercunal was converted into tne products (runs 1,6 and 
it) , Tne nature and the clistribuc-ion of tne organic products was 
found to bo similar to those obtained in tne reaction o£(i)wlth 
sodium napnthalene described in the earlier pages of this section. 
One effects of added cumene (run 5) and napntnaicne (run 10) from 
outside in these reactions was also found to be similar to tne 
effects seen in the reactions of (1) witn sodium napntnaiene. In 
view of the known ability of to donate an electron to 

organomercurials^ as well as the facts mentioned above, we propose 
a new electron transfer mechanism for these reactions, Tne 
essential features of this mecnanism are outlined In deneme 11*2, 

SCHEMER I, I, .2 


R-Hg-R 1 + a1H 4 

3 

» 

L R-Hg-R ’ J ~ 
2 

1 

u i ! 

2 2 

A1H 3 ...(1) 

[r-Kcj-R 1 j 

2 

v — > 

R-Hg * + i 

3 

*** , 

R* 

, , , ( 2a) 

[R-Hg-R'^ 

2 

* 

s' ~dg’ 

4 

s ~R 

. , . ( 2b) 

R-Hg* (or R'-Hg*) 

> 

Hg° + R, 

(or R' ,) 

... (3) 


(3) (4) 
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R. (or R 1 * ) + AlH‘ 


P~H(or R'-H) - 1 - All, 


... (4a) 


R. (or R'.) 3- SbS£raction._f rom_raF > H _ R(ar R ,_ H) 


... < -lb) 


2R. (or 2R 1 . ) . d i!Serlsation_^ R _ p (or pI _ Rl) 


... (5a) 


R. + R' . 


coupling 


■> R-R' 


... (5b) 


R. + R-H ( O i R'-II) 


radical substitution 


^ R-R (or R-R 1 ) 


(picked 
up by 
radicals) 

... ( 6a) 


R. ' R-H (or R'-H) radica.l subctitutipn >R ^ Rf (or R i„ R «) + H , (picked 


up ry 

rad i cal s 

... (Cb) 


e from Al.-l 

R-Hg-R 1 + R. [R-Hg-R 1 ]* 

(1) R ° r AlH 4 


JR— Hg~R * + ! R 

^ g -p <]-#' < J ’> *•* < 7a) 

R N '^ R~Ha-R+ ~R' 

( 6) (7) " ... (7b) 


^[R-Hg~P']^r *•* (7a) 


R~Hg~R' -l-P ‘ , — ^ [ R-Hg-R 1 ] * 


e irom AJI-C 


R ’ ~Hg~R 1 + : R 


(1) K I or a:IH 4 i 


--a^ [n.-.ig-H']-^ a< ’> ••• 


i '^4 R-Hg-R » r 7 R‘ 
(9) (l) ... <8b) 


7r (or Tr 1 ) 


Proton from TH1 


R-H (onV-H) ... (9) 


R-Hg-R 1 + :R «- - ^ [ R-IIg-R 1 j~ -- ^ R-Hg-R -! Tr' 

i 1 ) rt ( 6) ( 7 ) 


... ( 10a) 


I 


R- I ia~R l + . ~R' 


* p 1 ~Hq~R ' -I 


( 10b) 


tv) 


( 1 ) 


[P-Hg-R'l - 
, ^ 
R’ 

( 9 ) 


( JO ) 


~R (or :"V' ) 



RrtlHj (or X 1 Al.-1~ ) 


* > « 


( 11 ) 


This mecnonism is closely similar to that described in 
Scheme II. 1 in so far as tne Intermediacy of both radicals 
R.(ar R, 1 ) and car-banians Tr (or Tr') formed by moans of steps 
1 to 3 Is invoked . 

a special feature of this mechanism/ nowevec, Is tne 
abstraction or a hydrogen atom from by tne radical R. (or R.') 

as shown in step 4a, Consequently, AlH^" is formed wnicn effecti- 
vely competes with AlH^~ in donating an electron in step 1 and 
steps 7a, 7b, 8a and 8b. Coordination o p the carbanion IfUor ~ R' ) 
produced in the reaction with AlHg also formed aide by side, leads 
to the format Lon of RAlIIg (or R'Al.ij) as snown In step 1J , I'ho 
facts tnat more tnan 50>i and 2 r J/« of tne reactant (1) is consumed wnon 
the molar quantities of LAH are one half and one fourth respecti- 
vely, indicate towards tne possibility of PAlH^ and also 

acting as electron donors. 


1 1 . 4 Exp er imental : 

All melting points were determined on a mEL-TEMP melting 
point apparatus and are uncorrected. TR spectra were recorded on 
Perkin-Elmer model-580 spectropnotometer . Tne GLC analysis were 
carried out on a Chroma tograpny and Instruments Company Model 
AC 1 —FI Instrument using 10 A SE-30 on Crom-P (05-100M) column ok 
2m .length, Column chroma to<r ran ny was done using activated silica- 
gel (Acme's 100-200M) . Silica-go! (asc-India) was used for TLC 
analysis. Products were identified by comparison or their IR 
spectra with tnoso of the autnentic samples/ by TLC/ GLC/ mixed 
melting point technique and by C P H ana] vs is. Literature melting 
points are cited from 'Handbook of Cnemistry and Pnysics'. 'S0 L " h 
edition/ R.C. Weast (Ed.)/ publlsned by Chemical Rubber Co,, 
Cleveland, OhJo, unless otherwise specified. 


Starting Materials: 

* V * m >.««> — . »«'«. 

Tetranydrofuran (THE) was pu,.i -led by keeping it over 
potassium nydioxiae puLiocs overnight/ refluxing over sodium wire 
for 5-6 h , and. tnen distilling over sodi*im twice, refluxing tne 
same for 3-4 h . with lithium aluminium nydrl.de (LAH) followed by 
distillation over LAH. Tne distilled TUP was stored m contact 
with fresnly pressed sodium wire. 



Dibenzyl mercury/ diphenyl mercury and p'nenyl-p-tolyl - 
mercury were prepared by the known methods. Naphthalene (reagent 
grade) was used after recrystallization from ethanol, LAH (Riedel 
and SRL) 'high purity' was used. Cumene (Koch-light) was used 
after distillation , Authentic diphenyl <BDH) and bibenzyl/ were 
used after recrystallization, benzene and toluene were used after 
distillation. 

Pre pa ra t ion o£_ sod ium napi . thalene : 

A perfectly dry 3 necked 100 ml RB flask was mounted over 

a magnetic stirring base, fluted with a condenser, a gas passing 

-3 

adaptor, and a stopper. Naphthalene (0,64 g; (5x10 ' mol or 1.28 g / 
0,01 mol) dissolved in dry PHF (30 ml) was placed in the flask. 

The contents of the flask, were maintained at 30°c (room temperature) 
Pure, dry nitrogen gas was bubbled through the soltit ion with 
continuous stirring, sodium metal (0,17g; 0.0075g-atomp'r 0,35g; 
ca 0,015g atom) cut into small pieces was added to the solution. 

The mixture was stirred rapidly in the beginning and slowly after 
the reaction commenced. The progress of the reaction was measured 
from time to time by removal of a small sample of solution from 
the reaction mixture and determined by its sodium naphthalene 
content after dilution with ethanol, by titration with standard 
hydrochloric acid using methyl red as indicator. The formation 
of sodium naphthalene (green colored solution) was complete in 
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1 . 

I-- n . for the lower quantity and 3 h * for the higher quantity. 
Solution of sodium naphthalene was thus prepared freshly fox' 
every reaction. 


Reac tion of dibenz yl mercury with so dium naphthalene at room 
t emp e rature (_30^c) , under ni troge n at mosph ere . 

(1) Reaction with equimol a r amo un ts , of di benzy l m ercu ry and sod ium 
naphthalene/ reac ti on ti me 30 min . 

A solution of dibenzyl mercury (1.910 g ; 5x10 mol) in 
30 ml dry THP was placed in a 3 -necked 250 ml RB flask/ provided 
with a gas inlet tube, a pressure equalizing dropping funnel and 
a condenser connected to a mercury trap. The contents of the 
flask were flushed with dry nitrogen gas for 30 min under magnetic 
stirring, Sodium naphthalene (5x10**^ mol) prepared as above was 
added through the dropping funnel slowly, with continuous stirring. 
The solution turned greenish -grey in color, due to the separation 


of finely divided metallic mercury. The reaction was allowed to 
proceed further for a period of 30 min, and the reaction mixture 
then added to a 1 % solution of hydrochloric acid (200 ml). This 
solution was passed through a one inch column of celite to remove 
the precipitated mercury. Celite column was washed with further 
100 ml or 1 % hydrochloric acid and then with ether. The original 
solution together with the washings was then extracted with five, 
50 ml portions of ether. The ethereal extract was washed with 
water, dried over anhydrous Mg-S 0^ , filtered and concentrated 



carefully at room temperature under reduced pressure. The volume 

of the concentrated ethereal extract was made upto 50 ml and this 

mixture of products was analysed by GLC using a 10% ST3-30 on 

Grom P(85-10QM) column of 2m length. The products were identified 

by comparison of their retention times with tnose of the authentic 

samples and their yields dete mined by comparison of the peak 

areas with those from equal aliquots of standard solutions of 

authentic samples in ether. The yields of various products 

identified were: toluene (16/6) and naphthalene (85%) . The reaction 

mixture was then chromatographed over a column of silica-gel 

(100- 200M). Slut ion of the column with petroleum ether (b.p,60°- 

80°C) yielded a mixture of loibenzyl and naphthalene. This mixture 

was dissolved in ether (50 ml) and analysed by GLC as described 

above. The yields of the two products were estimated to be 

naphthalene (85%) and bibenzyl (5%) . i3.lut.lon of the column with 

a mixture of petroleum ether (b.p. 60°-80°c) and benzene in the 

o 

ratio 3:1 yielded dlbenzyl mercury (i,4g; ca. 16 %) / m.p, 110 C; 
lit. m.p, 111°C. The compounds were characterised by mixed melting 
point technique and comparison of their IR spectra with those of 
the authentic samples. 

(2) Re actio n with equimola r am ounts of d lbenz y l mercury an d sodium 

naphthalene; reaction time -360 min, 

— . I'l n . r . w«l l| i i ill ■ >1 |||» « «» '.-«»»» Hl l 'HB i > II i I ii , m l >1 l II . i hr. 

To a solution of dlbenzyl mercury (1 ,910g; 5x10 mol) in 
30 ml dry THF under nitrogen atmosphere was added sodium 
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naphthalene (5x10 mol) prepared in 30 ml TKF and the reaction 
allowed to proceed for 360 min. The mixture was worked up as 
described in 1 , GLC analysis and separation of the mixture 
of products on silica-gel column/ as described for previous 
reaction yielded toluene (21%); naphthalene (907.) , bibenzyl (7%) 
and unreacted dibenzvl mercury (1.337g? ca. 70%) . 

(3) Reaction of dibenzyl mercury with sodium naphthalene in molar 

w *»• ■ ■»»« -►»« — .#■ ■** **•••** *+*. IM., .«»«! I ■ I Ii.4« I . ». w » ■ <*<— -**^ * 

ratio_ 1: 2 ; re acti on tim e-30 min . 

-3 

To a solution of dibenzyl mercury (l,910g; 5x10 mol) in 
dry THF (30 ml) , kept at x'oom temperature under nitrogen atmosphere/ 
was added sodium naphthalene (0,01 mOl) prepared in 30 ml of THF, 
Reaction mixture was worked up in the usual manner after 30 min. 
Metallic mercury was removed by filtration through celite and the 
resulting reaction mixture extracted with ether (5x50 ml). The 
ethereal extract was washed with water/ dried, filtered and concen- 
trated in the usual manner. GLC analysis and separation of product 
mixture on silica gel (100-200M) column, yielded toluene (65%), 
naphthalene (90%) and bibenzyl (31%), Not even a trace of the 
starting dibenzyl mercury was detected. 

(4) Reaction with equimolar- amounts of dibenzyl mercury and sodium 
naphthalene. In the presence of one mole equivalent of naphth- 
al ene; reaction t ime - 30 min . 

In a 3 -necked RB flask mounted on a magnetic stirring base 
was placed dibenzyl mercury (1,9 10g; 5x10 mol) and naphthalene 
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(0.64g; 5x10 mol) in dry THF (30 ml) , The system was flushed 

—3 

with dry nitrogen and sodium naphthalene (5x10 mol) p repared in 
30 ml of THF was added, through a pressure equalizing dropping 
funnel. The reaction was worked up after 30 min. as described 
for the reaction 1 . GLC analysis and column chromatography 
of the reaction mixture in the usual manner, yielded, toluene (12%), 
naphthalene (92% ; based on the total of the amounts added as sodium 
naphthalene and naphthalene), bibenzyl (5%) and dibenzyl mercury 
( 1 , 566g; 8 2%). 

( 5) Reaction of dibenzy l mercury , with so di u m naphthalen e I n molar 
rati o 1: 2, In the presenc e o f na pht hale ne (on e mole eq uiv alent 
of bl ben yl mercury) ; react ion ti m e "30 min , 

In a 3 -necked 250 ml RB flask, dibenzyl mercury (l.910g; 
5xl0~^ mol) and naphthalene (0»64g? 5x10""^ mol) in dry THF (30 ml) 
were placed. The flask was maintained at room temperature (30°C) 
and the contents flushed with nitrogen. Sodium naphthalene 
(0.01 mol) contained in 30 ml of THF was then added through a 
pressure equalizing dropping funnel. The reaction was worked up 
after 30 min. as described for the reaction 1. GLC analysis and 
column chromatography of the reaction mixture, as described in 
the previous experiments, yielded toluene ( 58%) , naphthalene (90%; 
based on the total amount added in the form of sodium naphthalene 
and as naphthalene) , bibenzyl (32%) and unreacted dibenzyl 
mercury (0.1 60g ; ca . 8% ) . 
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( 6 ) Re action of d i ben zyl m ercury w ith_ sod i um naphthalene In mola r 
rati o 1 ; 2, in the pre sen ce of cumene; reaction ti me 30 min . 

A solx;tion of dibenzyl mercury (l,910g; 5x10"'^ mol) and 
cumene (12g; 0,1 mol) in dry THF (30 ml) was placed in a 3-necked 
RB flask/ mounted over a magnetic stirring base and maintained 
at 30°C, The contents of the flask were flushed with ary nitrogen 
for 30 min, and sodium naphthalene (0,01 mol) added through a 
pressure equalizing dropping funnel. The reaction mixture was 
worked up as usual after 30 min. On GLC analysis and separation 
of the products by column chromatography/ the distribution of 
products was found to be: toluene (71%) naphthalene (0.556g; 87%), 
bibenzyl (27%) besides an unestimated amount of cumene. No dibenzyl 
mercury was detected among the products , 

React .io n, _w 1t h equ imo lar amounts of jdibe nzyl mercury and sodium 
naphthalene/ in the presence of Mq Br 0 and subsequent treatment 
wi t h b enzo ph enone . 

(1) Pr eparation of MqBr »: Magnesium (0,24g; 0,01g~atom) and THF 
(10 ml) were taken in a 3-necked flask equipped with a magnetic 
stirring device/ a gas passing adapter, a condenser, and a 
pressure equalizing dropping funnel. The contents of the flask 
were kept under dry nitrogen atmosphere and 1, 2-dibromoethane 
(l,88g; 0,01 mol) in 20 ml of. dry THF slowly added through the 
dropping funnel. After completing the addition, stirring was 
continued for 1 h during which MgBr^ : was formed, : 
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( ii) Is olation of b enz yl dip heny l carbinol : 

After work up of the reaction mixture with dilute hydro- 
chloric acid, the mixture was extracted with ether. The ethereal 
extract was washed with water, dried (MgSO^) , and evaporated to 
remove the solvent. The resultant crude solid was washed with 
petroleum ether (b.p, 60-80°C)w’nen soluble and insoluble portions 
were separated. The insoluble portion, on washing with ether, 
again gave one soluble and the other insoluble portion. The other 
soluble portion, on removal of solvent yielded the carbinol x^hich 
was characterized by elemental analysis, and comparison of m,p. and 
mixed with that of authentic samples. 

( 7 ) Reaction of dlbenzy 1 m ercury and sodium nap htha lene i n the 
presence of M g3r ^ and s ub sequent t reatmen t with b e nz op he. none ; 

-3 

A solution of dibensyl mercury (l«9:L0g; 5x10 mol) in 
20 ml of THP was added to the flash containing MgBr^, through the 
dropping funnel. Dry nitrogen gas was passed through .this mixture 
for 30 min. Sodium naphthalene (0,005 mol) contained in 30 ml of 
dry THP was added slowly to this reaction mixture and the contents 
of the flask stirred for 30 min, after which a solution of benzo- 
phenone (l„8g; 0.01 mol) in 20 ml THP was added. The contents 
of the flask were stirred for 4 h at room temperature , The 
■mixture was then poured into 1 % hydrochloric acid and worked up 
as usual, TLC analysis of the reaction mixture showed a spot 
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corresponding to benzyldlphenyl carbinol as established by 
comparison with an authentic sample, GLC analysis and column 
chromatography of the reaction mixture as usual yielded toluene 
(15%), naphthalene (0,56g; 89%) , bibenzyl (5%), benzyl diphenyl 
carbinol (5%) and dibenzyl mercury (l,413g; 74%) besides unreacted 
benzophenone . 


Re a ct ions of diph e nyl mercury wi th sodium naphthalene a t room 
te mp e rature (30°c ) . u nde r nitrogen atmosphere . 

(8) Reac t ion with equi molar amounts of diphenyl mercury and 
sodium naphthalene; reaction time - 30 mi n , 

—3 

A solution of diphenyl mercury (l,77g; 5x10 mol) in 30 ml 
of dry THF was placed in a 3 -necked 250 ml RB flask. The contents 
of the flask were flushed with nitrogen for 30 min under magnetic 
stirring. Sodium naphthalene (5x10 mol) contained in 30 ml of 
THF was added through a pressure equalizing dropping funnel slowly 
with continuous stirring. The reaction mixture was worked up 
after 30 min,, as usual. GLC analysis of the reaction mixture 
using a 10% SB-30 Crom-P (85-100M) column of 2m length by the 
calibration method as described for reaction 1 , yielded 
benzene (31%) and naphthalene (88%), The reaction mixture was 
charged over a silica gel (100-200M) column. Elution with 
petroleum ether (b,p. 60°-80°c) yielded a mixture of naphthalene 
and biphenyl/ which on GLC analysis, yielded naphthalene (88%) 
and biphenyl (6%) . Elution of the column with a mixture of 
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petroleum ether (b,p. 60°-S0°C) and benzene in the ratio 3:1, 
yielded diphenyl mercury (1.079g; 61%); m.p. 124°C; lic.rn.p, 125°C. 
The compounds were characterised by the mixed melting point 
techniques, GLC and comparison of their IR spectra with those of 
the authentic samples. 


(9) 


Reac ti on with equimolar amounts _ of diphenyl mercu ry an d 
sodi um nap h tha le ne; reaction t ime-3 60 min * 


-3 

To a solution of diphenyl mercury (1.77g; 5x10 ‘ mol) in 
30 ml of dry THF under nitrogen atmosphere was added sodium 
naphthalene (5x10^ mol) prepared in 30 ml of THF and the reaction 
allowed to proceed for 360 min, The reaction was worked up as 
usual, by adding it to 1% hydrochloric acid. After filtration 
through celite, to remove the separated mercury, the reaction 
mixture was extracted with ether ( 5x50 ml) . The comb.inedethe.real 
extracts were washed with water, dried, filtered, and concentrated, 
GLC analysis and separation of the product mixture on a silica gel 
column yielded benzene (34%), naphthalene (93%) , biphenyl (7%) 
and unreacted diphenyl mercury (l.OOBg; 57%) , 

(10) Reaction of diphenyl mercury- with sodium naphthalene In 
mo lar ratio 1: 2; reaction tlme~30 mi n, 

.Sodium naphthalene (0.01 mol) prepared in 30 ml of THF was 
added to a solution of diphenyl mercury ( 1 . 7 7 g ; 5x10 mol) in 
dry THF (30 ml) under nitrogen atmosphere at room temperature (30°C), 



The reaction mixture was worked up after 30 min/ in the •usual 
manner. Analysis ox the mixture or products by GLC and separation 
by chromatography on a silica-gel column/ yielded/ benzene (80%) 
naphthalene (92%) and biphenyl (18%) . Not even a trace of 
unreacted biphenyl mercury was obtained. 

(13.) React ion with equ imolar amount s of d iphen yl mercury and 

s odium napht hal en e In t he pr e s ence t of one m o le equ ivalent 
o f n ap hth ale ne; rea ction t ime 30 min . 

In a 3 -necked 250 ml RB flask/ mounted over a magnetic 

_3 

stirring base, was placed diphenyl mercury (.l,77g; 5x10 mol) 
and naphthalene (0.64g; 5x10 mol) dissolved in 30 ml of dry THF, 
The reaction system was flushed with dry nitrogen and then/ 
sodium naphthalene (5x10“^ mol) prepared in 30 ml THF added 
through a pressure equalizing dropping funnel. The reaction 
mixture was worked up after 30 min/ in the usual manner, GLC 
analysis and. column chromatography of tne reaction mixture as 
described in the reaction 1 , yielded/ benzene (24%)/ naphthalene 

(90%; based on total amount added in the form of sodium naphthalene 
and as naphthalene) / biphenyl ( 5%)/ and. unreacted diphenyl mercury 
( 1 , 20g; 68%) . 
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R eac tion with equimolar amoun ts of diphenyl mercury and soflixim 
na phtha le ne In the pr ese nce of McfBr 2 , __ to d e tec t th e possible 
f ormation of phenyl anions . 

Prepa r ation of MqBr „; MgBr^ was prepared from magnesium (0,24g; 
O.Olg-atom) and 1/ 2-dibromoe thane (1.88g; 0,01 mol) in 30 ml of 
THP as described earlier, 

(12) Reaction of diph enyl _ mercury and sodium. n aphthale ne in the 

pres ence o f MqB r^ and s ubsequent tre atmen t wit h benzo phe none : 

-3 

A solution of diphenyl mercury (1.77g; 5x10 mol) in 20 ml 
of THP was added to the flask containing MgRr ? prepared in the 

previous experiment. Dry nitrogen gas was passed through this 

* ^3 

mixture for 30 min, Sodium naphthalene (5x10 mol) contained in 

30 ml of dry THP was added slowly to this reaction mixture and 
rhe contents of the flask stirred for 1 30 min. after which a 
solution of be nz op he none (1.6g? 0,01 mol) in 20 ml of THP was 
added. The contents of the flask were stirred for 4 nr at room 
temperature. The mixture, was then poured into l>o hydrochloric 
acid (200 ml) and worked up as usual. ThC analysis of the reaction 
mixcure indicated the presence of triphenyl carbinol, as establi- 
shed by comparison with an authentic sample. GLC analysis and 
column chromatography of the reaction mixture in the usual manner, 
yielded benzene ( 22%) v naphthalene (90 ';*) biphenyl (6;i) , triphenyl- 
carbinol ( 7%) and sta rting dipheny 1 me rcu ry (1 , 1 Ig; 63' 4) , bes ides 
unreacted benzophenone . 
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Reac tions of phenyl- -p- t olyl mercury with sodium naphthalene at 


temr 


ture ( 3 0 c) under nitrogen a t mosphere 


( 13 ) Re action with equimo la r amounts of phenyl p-tolyl mercur y and 
sodium nap h thal ene f r eacti on time-30 min . 


In a 3~necked 250 ml R3 flask, mounted over a magnetic 
stirring base, a solution of phenyl ■ p-tolyl mercury (l.840g; 

5x10 mol) in 30 ml of dry THF was placed. The contents of the 
flask were flushed with dry nitrogen for 30 min, sodium naphthalene 
(5x10 " mol) contained In 30 ml of dry THF was slowly added to the 
above solution, through a pressure equalizing dropping funnel, 
with continuous stirring. The reaction mixture was worked up 
aftep 30 min. in the usual manner, GLC analysis of the mixture 
of products using a 10% SJS-30 on Crom~P (85-100M) column of 2m 
length, by the calibration method, yielded, toluene (10%), benzene 
(15%), naphthalene (85%). The reaction mixture was chromatographed 
on a silica-gel (100-200M) column. Elution of the column with 
petroleum ether (b.p, 6Q°-80°C) yielded naphthalene (0,5440g,* 85%), 
Diphenyl mercury (4%; 0,07g) and p~p~ditolyl ■ mercury (5% ;0,09g) . 
Further elution of the column with the same solvent gave 0.241g 
of a complicated mixture of biaryls which on attempted GLC analysis 
appeared to consist of biphenyl (ca. 4% yield) , isomeric monomethyl- 
. biphenyls (ca, 6%) and isomeric bi-toly Is (ca, 3%) . Elution of 
the column with a mixture of petroleum ether (b.p, 60~80°c) and 
benzene in the ratio 3:1 yielded 1 , 26g of a mixtures of diary 1 
mercury compounds which by means of elemental analysis on standard 
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samples of mixtures of tries e compounds was found to correspond 
closely to tne compos ttion-pnenyl p-tolyl mercury (51,4), diphenyl 
mercury (5/) and p,p 1 -ditolyl mercury (5%) . Elution of tne 
column wttn ethyl acetate yielded a pasty mass vmicn could not be 
analysed, 

(14) -done t ion of p nen yl p~t ol y.l merc ur y with sodiu m na pnthalene 
in _ mol ar rat i o 1:2 ; reaction time-30 min. 

_.-a 

To a .solution of phenyl p-tolvl mercury (1.840g; 5x10 ' moll 
in a 3 -necked 250 ml RB flask, sodium napnthalene (0.01 mol) 
contained in 30 ml of THF was added, Tne reaction mixture was 
worked up after 30 min. in tne usual manner. CLC analysis and 
separation of tne product mixture on silica-gel column, as described 
in the previous experiment, yielded, benzene (41’4) , toluene (26°i), 
and naphthalene (91/.) and 0,533g of a complicated mixture of 
oiaryls wmch on attempted GbC analysis appeared to consist of 
bipnenyl (ca» 9 ’4) , is vmerlc tnonorne tuvl bipnetyls (ca, 13, >) and 
isomeric bdtolyls (ca, 7%). Not even a trace of tne starting 
material could be do cec ted. Sinai I quanticy or an additional pasty 
mass recovered could not be analysed. 
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R : R eaction o E dibe nzyl mercury witn lithium aluminium nyflri.de 

(L/\H) at room temp erat u re (30°c) under imti al nitrogen 
atmosphere . 

( l ) Reaction wit n e quimolar amou nts of dibenzyl m ercury_, end _ f 
reaction time-30 min . 

In a 3 -nocked 250 ml Kb flask mourned over a magnetic 
stirring base, and connected co a ni croaan gas cylinder tnrouqh a 
pur J :“ior, to a gas collector tnrougn a mercury trap aid a pressure 
equalizing dropping funnel, was placed a sulutlon of dibeuzyl 
mercury (l.9l0g; ixlO" 3 mol) in dry T.H? (30 ml). Tne solution 
was purged witn nitrogen gas witn continuous stirring. Lltiium 
aluminium hydride (0.19g; 5x10 3 mol) contained in dry THF (30 rnl) 
was added tnrough tno dropping funnel. Hydrogen gas (52 ml as at 
PTP, after accounting for tie gas evolved in a control experiment 
under Identical reaction coroitions) was evolved. Tne reaction 
mixture turned grey clue co tne separation of mercury In finely 
divided Corm, the reaction mixture was worked up after 30 rain, 
by the addition of uj stilled water (50 ml) , followed by tne 
addition of 2,« nyirvcnloric acid (5U mil . Tne mercury produced 
in the reaction was removed from the mixture of products by 
filtration of tne reaction mixture tnrough ceilte, Tne reaction 
mixture was extracted witn 5x50 ml portion?' or c-jetnyl ecner. Tne 
combined etnoreal extracts were was tied witn. water, dried over 
annydrvuo Mg30 4 , filtered and concentrated carefully at room 
temperature under reduced pressure, to a volume ot 50 ml. Tne 
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crude mixture was tnen analyzed by 65LC us inq a lO r /o GE-30 on 
Crom-P (8b- 1 OOM) column of 2m lengtrp and cno products identified 
by comparison of tneir retention times witn tnose for the authen- 
tic samples. Tnc product yields were obtained by a cornoarison ot 
the peak areas witn tnO'-e of tne autneneje samples. T nus , toluene 
(64.4) was identified to have formed. 'T'no r> 'action mixture was 
chroma t xj maned over silica-gel (10Q-200M) column. Elution witn 
petroleum other (b.p. 60°-80°C) yielded joibenzyl 10.61; ca, 324) 
in.p. 52 °0; lit. m.p. 52. r )°C. Furtner ^elution of toe column 
with a mixture o£ petroleum ether Imp. 60°~80°C) and benzene in 
various ratios such as 3:1/ 2.1 and pure benzene yielded nothing. 

Elution with pure ethyl acetate yielded a pasty mass wnich could 
not be analyzed. Not even a trace of the starting dibenzyl mercury 
was detocteu. Due compounds were cnaracherized by tne mixed melting 
point technique and GLC. 

( 2) Re ac Lion o £ dlbonzyl me .t our y w itn L/y rf in molar ratio, 2j _1 ; 
re action Limo-30 mi n . 

Addition of L*aH (O.lg? 0.0025 mol) contained in 30 ml of 

**3 

dry T!IF to a solution of dibenzyl mercury (l.910g, 5x10 mol) in 
30 ml of dry TiF kept at room temperature (30°c) under nicrugen 
atmosphere/ resulted in tne e/olution of 47 ml of hydrogen gas 
(as at NTP) , Tne reaction mixture was worthed up after 30 min in 
the usual manner. GLC analysis and separation of tne products 
from the mixture by column chromatography as detailed in tne 
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reaction 1(D), yielded toluene (54%) , bj benzyl (0,497y? 23%) and 
dibenzvl mercury (0.36?g; 19%). 

( 3 ) R eac tio n of dihen z yl mo rcury wlt n LAH In mol ar rat io 4 : 1 ; 
react ion time -3 0 min . 

The above reaction was repeated using LAH (Q.05g; 0.00125 
mol) and dlbenzyl mercury (1 ,910gj 5x10 mol) in a total of 60 ml 
of dry THF. Hydrogen gas 30 ml (as at w'TP) was evolved, The 
proauct uistrjbution was determined to be: toluene ',,4 24); bibenzyl 
(0,247g; oa. 12%); and un>-eacted dibenzyl mercury (O.Gtlgj ca. 3 2%) . 

(4) Reaction oi dibe n zy l mercury wit n LAH in m o lar ratio 4:1 ; 
reaction tlme--3Q0 min . 

LAH (0,05g; 0,00125 mol) contained in 30 ml of THF was 

3 

added to a solution of dibenzyl mercury (1.910g; 5x10 mol) in 
dry THF (30 ml) kept at room tempera tuje, under nitrogen atmospnero. 
Reaction, which commenced trruuod Lately, was allowed to proceed for 
300 min. Hydrogen gas 3 5 ml (as at NTP) was evolved. Mixture was 
worked up in cne usual manner and tne products obtained on glc 
analysis and separation by column enromatograpny were: toluene 
(45%), blbenzyl (0,282g; 14%) and unreacted starting material 
dlbenzyl mercury (0,S15q; 21 %), 
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( 3 ) -R eaction of dthanzyl mercury with L&H in molar ratio 4;1; 3 n 
the presence of cumene; reaction time-30 min , 

In a 3~necked flask mounted over a magnetic stirring base 
was placed bibenzyl mercury (1.9lQg; 5xl0 “ 3 mol) and cumene (12g? 

0.1 mol) dissolved m dry IMF (30 ml) . Tne system was tnoroucrnly 
flusned with nitrogen. Thereafter, LAH (0.05? 0,00125 mol) contai- 
ned in 30 ml of dry 'IMF was added to the flask. Hydrogen gas 
38 ini (ns at NTP) was evolved during 30 min. ULC analysis and 
separation of Lae products by column c h r orna t o grap ny , yielded; 
toluene (4tK) , nlbenzyl (0»152g; ca, 8 / 0 ), and starting material 
dibenzyl mercury (0,836g; 44,4) along with an unestimated amoune 
of cumene. 

R eaction s of d iph e nyl merc ury a nd l it nium al utnmi um hydride (LAH ) 
at room temperature (30°C) under nitrogen atmosphere, 

( 6 ) Reaction of: di phenyl mercury with LAH i n m ola r ratio 1 :1; 
react ion time -30 min . 

To a solution of diphenyl mercury (l»77g; 5x10 mol) in 

dry THF (30 ml) kept at room temperature under nltronen atmosphere, 
was added LAH (0.19g; 5x10"^ mol) contained in dry THF (30 ml) , 
Hydrogen gas 55 ml (as at NTP afuer accounting for tne gas 
evolved in a control experiment under similar conditions) was 
evolved. Reaction was allowed to proceed for 30 min, and tnen 
analyzed by GLC, before work up, when tne presence of benzene (8T,0 
was indicated. The reaction mixture was then worked up by the addition 
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of water followed by diJ , HCl, /vfter filtration through celite, 
tne reaction mixture was extracted witn dietnyl e^ner (5x50 ml) . 

The combined ethereal extracts were wasned witn water/ dried 
(anhydrous MgSO^) / filtered and concentrated to a volume of 30 ml. 
GLC analysis using a 10% SE-30 on Crom-P (85-100M) column of 2m 
length/ by tne calibration method yielded benzene (81%) and 
biphenyl (0,„7g; l f 5%) . Nob even a trace of tne unreacted bipneny 1 
mercury was detected, 

( 7 ) rea ction of d iph enyl m ercu rv wi th LaH in molar rat i o 2: 1 ; 
reaction time-30 min , 

Reaction was carried out by adding LAH (O.lg; 0.0025 mol) 
contained in dry THF (30 ml) a solution of dipnenyl mercurv 
(1.77g? 5x10 mol) in dry ,T, HF (30 ml'> under nitrogen atmosphere, 
The reaction proceeded with the evolution of hydrogen gas (50 ml 
as at NTP) and the mixture was worked up after 30 min/ in the 
usual manner* GLC analysis of the product mixture yielded benzene 
(56%) , Complete removal of the solvent gave a crude mixture/ 
which on column chroma too rap hy over silica-gel column using 
patroleum ether (b.p. 6Q°~80°C) gave rdpnenyl (0,195g; ca. 10%). 
Further elution of tne column witn petroleum etner (b.p, 60°-Co°c) 
and benzene in molar ratio 3:1 (v/v) gave diphenyl mercury (0.548g; 
31%); m,p, 124°C; lit. m,p. 125°C. Htpnenyl was also cnaracterized 
by GLC and dipnenyl mercury using mixed melting point tecnnigue . 
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(ft) Reaction of diphenyl mercury wltn L/H in molar ratio 4. 1 ; 
reaction time~30 min . 

LAH (0,05g; 0,00125 mol) contaxned in 30 ml of dry THF was 
added to a solution of dlpnenyl mercury (1.77g; 5x10 mol) in 
30 ml of THF/ under nitrogen a-mospnere. Hvdrogen gas (30 ml as 
at NTP) was evoLved. The reaction mixture was worked up after 
30 min, in the usual manner. Gtc analysis and separation of the 
products using silica-gel column gave benzene (4 5%); bipnenyl 
(0,l41g? ca. 8%) and diphenyl mercury (0,761g; 43%), characterized 
by comparison with autnentlc samples and mixed melting point- 
tec hnigue , 

(9) Reaction of dlpnen y l mer cu ry _wi th. bj\H_ in^jflpl^r^ratip^ 4:1; 
reaction time— 3 00 m3 n , 

Reaction was carried out by the addition of LA-I (0,05g; 

0,00125 mol) contained in dry THF (30 ml) to a solucion of 
dlpnenyl mercury (l*77g; 5x10 ^ mol) in 30 ml of TrIF/ under 
nitrogen atmosphere. Reaction was allowed to proceed for 300 min 
when 3 5 ml of nyaiogen gas (as at M?P) was evolved. Trio reaction 
mixture was worked up by addition of dis tilled water followed. by\ 
acidified water. The products were extracted from fcne reaction 
mixture with ether and the ethereal extract washed/ dried, filtered 
and concentrated to give a crude mixture, wnich was analyzed by GLCand 
separated by means of column enromatograpny in tne manner 
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described previously for tne reaction (b 8) . The products obtained 
were: benzene (48%) , biphenyl (0.159g; 9%) and diphenyl mercury 
(Q.637g; 3 6%). 

(10) Reaction of diphenyl mercury with LaH in molar ratio 1:1;.. J.n 

* j|> Mi ip HU i t i i M ill fc H .i n ^ u i M * *«#/*■ ' Mi" ■ Mi <*•****'■ i -L«U.-, i rn |L uiu .r • i u«u. 

t he prese n ce, , of naphtnalene; reacti on tlme~ 30 min . 

In a three needed RD flask mounted over a magnetic stirring 
base were placed diphenyl mercury (l«77g; 5x10 3 mol) and naphtha- 
lene (0 , 64g; 5x3 0~ 3 mol) dissolved in 30 ml n«' dry TIP. Tne 
reaction system was flusned with nitrogo.n and uaH (O.lOg; 5x10 
mol) contained in 30 ml u£ dry JUF was added to tne flask. Hydrogen 
gas 60 ml (as at MTP) was evolved, un work up, GLC analysis by 
tne calibration metnod and separation of the products by column 
Chromatography , the yields of tne products were found to be: 
benzene (46%), bipnenyl (0.15g; 9%) and unreacted diphenyl mercury 
(0 . 708g; 40%). 

( o) Rea ctions _ o £ phenyl p -tol yl > aj rc^r^jitn , PMj. .. &?LJ&S2!Ui£SS2r 
erature under nitrog en atmospnere . 

ivumniin-w^ I <1 II I I|I«1 1 1" 1 ’ 1 " — ***♦' I 1 1 " L - IJJ 1 1 

( ii) Re action of_ phenyl p- tolyl me rcu.rY_witnjb.AH, in, molar w ratio 
1:1; reactipn time -30 min, 

LAH (0,19g; 0.005 mol) contained in dry THP (30 ml) was 
added to a solution of phenyl p-tolyl mercury (l,840g; 5x10 mol) 
in 30 ml of dry THF kept at room temperature (30°c) under nitrogen 
atmosphere. Hydrogen gas 60 ml (as at NTP, atter accounting for 
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the gas evolved in a control experiment under identical conditions) 
was evolved. Reaction was worked up after 30 min by tne addition 
of distilled water (50 ml) followed by 2% HCl * This 
mixture was extracted wich etner (5x50 ml), after filtration 
tnrouyn celite, and tne etnereal extract wasned witn water/ dried 
over anhydrous MgSC> 4 and concentrated to a volume of 50 ml. GLC 
analysis of the product mixture by tne calibration metnod yielded 
toluene (3 6%) and benzene (39/«) , The reaction mixture was then 
cnarged over a silica-gel column and tne column eluted witn 
petroleum etner ( 60°~80°C b.p.) to give 0,276g of a complicated 
mixture of toiaryls which on attempted GLC analysis appeared to 
consist of biphenyl (ca* 5% yield) , isomeric monomethyl biphenyls 
(ca, 7% yield) and isomeric Ditolyls (ca. 3% yield) , Further 
elution with petroleum ether (b.p, 60°~80°C) and benzene in tne 
ratio 3s 1 (v/v) indicated that tne starting material, phenyl p~ 
tolyl mercury was not present among the products even In traces. 

All the products were identified by comparison with autnentic 
samples and mixed melting point technique, 

( 12) Reaction o f p hen yl p^tolyl mercury with LAI I In molar ratio 
2 :1, reac tion time 3 0 mi n. 

To a solution of phenyl p-tolyl mercury (1.840g; 0.005 mol) 
in dry IMP (30 ml) , kept under nitrogen atmospnere was added La- 1 
(O.lg; 0.0025 mol) contained in 30 ml of dry THF. Hydrogen gas 
40 ml (as at NTP) was evolved. Reaction mixture was worked up 
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after 30 minutes, GLC analysis gave toluene (16%), "benzene (24’,' ), 
Column c n roma cog rap ny as described above also gave 0,202g or a 
complicated mixture of blaryls wnich on attempted GLC analysis 
appeared to consist of bipnenyl (ca, 3% yield), isomeric mono- 
methyl bipnenyls (ca. 4%) and isomeric bitolyls (ca. 4%) « ISlution 
of tne column finally witn a mixture of petroleum etner ib.p, 60°- 
80°C) and benzene in the ratio of 1:3 (v/v) yielded 0.8L3g of a 
mixture of diaryl mercury compounds which by means of elemental 
analysis on standard samples of mixtures of these compounds was 
found to correspond closely to tne composition-phenyl p-tolyl 
mercury (40%), diphenyl mercury (3%) and di-p, p 1 -tolyl mercury(5%), 

( 13 ) Reaction of pnen yl p-tol yl me rcury with LaH in mol ar r atio 
4 ; 1; reaction t i me -3 0 min , 

Addition of LAH (O.C>5q; 0. 00125 mol) contained in dry TIIF 
(30 ml) to a solution of phenyl p-tolyl mercury (l,840g; 0.005 mol) 
in dry FHF (30 ml) under nitrogen atmosphere at room temperature 
liberated 10 ml (ns at tiPP) of hydrogen gas. On work up of the 
reaction and subsequent Gtc analysis and separation of the 
products by column enromaeograpny, as detailed in previous 
experiments, toluene (11%) and benzene (13%) along with 0.09g of 
a mixture of biaryls containing biphenyl (ca, 2 % ) , isomeric 
monomethylbipnenyl (ca, 2%) and Isomeric ditolyls (ca. 1%) and 
anotner mixture of diaryl mercury compounds presumably consisting 
of phenyl p-tolyl mercury (ca. 52%), dipnenyl mercury (ca. 6%) and 
di-p-tolyl mercury (ca. 4'%) . 
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(14) Contr o l reaction o f lit nium alumin i um nydri de with cumene at 
room t em pera tur e under nitr o gen atrnospnere . 

LaH. (0,19g/ 0.005 mol) contained m 30 ml ol THF was added 
to a solution o£ cumene (0.6g; 0.005 mol) in 30 ml of TMF Kept 
at room temperature ( 30°c) under nitrogen atmosphere. No nyd'w'an 
gas was evolved. Tne reaction mixture was worked up after 30 min 
in tne usual manner. On extraction and isolation/ unengaged 
starting hydrocarbon was recovered quant ± tar ive) y . 

( J 5) Con t ro l reactio n of L aH w ibn n aphtnalene at room temper a tu re 
under ni trogen atmo spn ere , 

To a solution or naphtnalene (0.64-g? 0,005 mol) in dry 
THF (30 ml) was added LAN (0 . I9q? 0,005 mol) contained in 30 ml 
of dry f P' under conditions identical to tnat employed for tne 
reaction 14 . No hydrogen gas was evolved. On working up tne 

reaction mixture a f-ter 30 min. in the usual manner, tne unenanged 
starting hydrocarbon was recovered quantitatively „ 
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1H APTER-III 

N-BROHOSUCCINIMIDS OXIDATION OF -HYDROXY 
CARBOXYLIC ACIDS AND THiSIR SALTS 


111,1 /abs tract 

Oxidative decarboxylation of (Y-nydroxy acids viz, qLycolic 
acid, rnandellc acid and benzillc acid and their salts using N-bromo 
succinimide (SNBr) in dry dime thyl f o rmamide (dmf) at reflux tempera- 
ture have been studied with a view to understanding tne mecnanistic 
details. It x*ras observed that the salts of tne a -hydroxy acids 
reacted at a raster rate than tne corresponding e -nydroxy acids 
under similar conditions. Carbonyl compounds were tne common 
products of these reactions besides carbon dioxide, molecular 
bromine and succinimide. Similar oxidation of tne potassium salt 
of benaiillc acid has also been accornplisned using p-nitrooensscne 
diazonium fluoroborate instead of SNBr as tne oxidant. Reactions 
with SFBr using the two reactants in lsl ratio were largely 
Imcomplete; but doubling the quantity of tne oxidant (SNBr) 


resulted in the completion of tne reaction under otherwise simi-lar 
conditions . 

Tn view of these and other observations an electron transfer 
mec nanism aas been proposed wnicn. accounts for tne experimental 
resuJts. N -b romos ucciniinide accepts an electron from the substrate 
rc-nydroxy acid or its anion in tne first step of fundamental 
importance, SuccinimidyJ anion, bromine atom and tne radical 
cierivabie by the Joss of an electron from tne anion of tne a - 
nvdruxy acid serve a s precursors of different products. 

111,2 I ntroduction : 

The utility of N ~b romos uc c 1 n j tn i de (SNBr) as a reagent -“or 
bromination^ of a wide variety of organic comoo unds and as an 
oxidizing agent for tne conversion of primary and secondary 
alipnatlc alcohols to tne corresponding aldehydes and intones was 
recognized as early as 1042, Since then, a large number of reports 
on the use of this reagent nas appeared in the literature but very 
litcle nas been reported concerning tne details of the mechanism 
of reactions of tuts reage t with various substrates, 

a free radical chain mechanism tor tne subs citution in 

allyllc brominatlon of alkanes and benzylic hr -,mi nation of alkyl 

2 1 

aromatics using SNBr generally termed as VJohl-Ziegler reaction ' 
nas oeen established, since, tne reaction rate is accelerated by 
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"'roc radical promoters sucn as peroxides and illumination 01 tne 
reaction mixture and re-carted in tne presence of free radical 

3 

innioitors like oxygen and bromanil. 


0 



^0 


0 


liq n b or 
pei oxides 



\ 

'ir-C-C-Q 
l I 


/ 


. . .(1) 


A mechanism involving abstraction of tne allylic hydrogen atom by 
tne succinimidyi radical Oiqn.2) followed by tne reaction of the 
resulting allyi radical witn tno brominatang agent (J3qn,3) was 
reported by Bloomfield^ in 1944 aj snown in Scneme 1X1,1, 


SCHEME I1I.1 


Bloomfield Mecnanism; 
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. . . ( 2 ) 


. .. (3) 



The presently accepted median ism tor tne reaction :s one 
suggested by Goldfxnger b as outlined in Gcnerne III. 2. 


SCU3ME III. 2 


Goldfinger Mec n a nism 
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N«'3r + MB r 
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P-H !- tir„ 


... ( 6 ) 


According to this mecnanistrq a minute amount of molecular bromine 
initially formed lollowxncj cne noinolys is of w-ur oonu In b A ,j3r 
serves no Lho bromine ting agort m the oeg inning, l?he bromine 
required for the subsequent reaction is supposed to bo generated 

g 

by a cast ionic reaction of hydrogen bromide with ~b>3r , 

’Svidence supporting tne Goi-ifxnger mecnanisin is tne 

similarity observed in uhe reaction rates o r brotnination of alicanes, 

7 

alkyi aromatics and substituted toluenes witn bromine and 3NBr . 
Otner evidence supporting tnis mechanism comes from the obser- 
vation that alkenes are brominated at the a Hylic position under 
free radical conditions if low bromine concentrations are 
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maincained and boat largo yields of trans -3-nexene / ' are octal nod 
on redaction of cis -3-nexene witn just sufficient quantity of S^Br, 


M.'i.. Barakat 10 et.al. nave reported tnat SNBr reacts with 
ct-nydroxy acids in not aqueous solutions to give aldenyd.es and 
ketones witn tne loss of one carbon atom (lCqn.7) . 
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R 



^ S>Sn OH 





go 


2 


C 



0 


* * * 


HBr 

(7) 


Primary and secondary alconols can oe oxidized by 6iv.Br under mild 

reaction conditions in aoueous dioxane, acetone etc./ to tne 

aldenydes and ketones / respectively. Benzoin gave toeunil in 95% 

10 

yield and 9-fluararol gave 9-fluorenone in 89% yield. 

Oxidation of tertiary amines by SNBr was found to ^om, 
through tno cleavage of a C~N bond in the amine, either an aldehydes 
and a secondary amines (~Cqn,8) or an aldenyde and an enamines 
(Eqn,9) , depending upon tne structure of the original tertiary 
amine. The enamine is tnoug.it to be formed via tho radical-cation 

3 

of triethyl amine . 



117 



C'-T. C'-T I'T ( n U ) . 1 . 
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{ i) CC1 A , reflux 
F-Br - i 


(ii) H^O 


... (9) 


Oxidative degradation of r -amino acids with two moles or 

SNBr In aqueous solution at room temperature gives aide nydes witn 

11 

one less carbon atom/ accompained by evolution of c 0 2 and S 

1 2 

Tula reaction involves C-C and ON bond cleavages (Bqns . 10 and 
13) . 
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... ( 1 1 ) 


SHBr reacts readily with benzophcnone Hydra-zone, fluorenone- 
hydrazone and benz ilmononydrazone to yield tne corresponding sym- 
diarylketazmes in almost quantitative yields, hydrazine nydrate 
reacts vigorously witn fiNBr co give nitrogen/ nydrogen bromide and 
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succinimide. Pnenylnydrazine reacts to give tneae substances and 
hy dr a z obe n ze ne , With fomic acid, .. wBr cjives carbon dioxide, 
nydrogen bromide and suco:i nimide, while acetic acid does not react 
under similar conditions. 

Complexes between N^oromosuccinlmide and succinnnide anion 

1 3 

have been snown by <J.iS. Barry and henna rt Bberson , to Joe trie 
intermediates in cne reduction of SNBx. The electrocnemical 
reduction of JNDr In acetonitrile is tnougnt to generate sunclni- 
midyl radical (CiV) by means of tne reaction snown below: 

BUBr h 2 e ^ 3N ,3r 

SWhr + SN~ ^ 2 sn* -1 Br“ 

The intermediacy of the succinimide anion was demonstrated 

by trapping it with alleviating agents wnere t ,e formation of 

14 

N-alkyl succinimides was observed . 

SNBr can affect tne sdde^cnain and/or ring bromination in 
various alkyl arones under experimental conditions wnicn promote 
free radical chain reactions (for example, reactions carried out 
in tne presence of light: and free radical initiators like 
dibenzoyl peroxide and azobislsobutyronitrile using CCl^ as 
solvent) . 
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? -Methyl tniophene, wnen reacted with SisTBr In 1.1 molar 

ratio in the presence of dibenzoyl peroxide, gave 2-bromomethyl 

thiophene (I) in 84% yield and 5-bromo~ 2-methyl tniophene (II) in 

lg-i yield; whereas in tne absence of tne peroxide, 34,o or I and 

15 

66% of IX were obtained. 
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Similar results were obtained with 3 -met ay 1 thiophene , G. Goissls 
has shown recently, that tne amount of dibenzoyl peroxide (DBP) 
present in tne reaction mixture affects the yields of side-chain 
vs ring bromination products obtained in tne SNOr bromination of 
1 , 7-dime thoxy-3-rnethylxanthone (HI), as shown in Scneme III, 3. 
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SCHEME III .3 



Dr 


The presence or absence of a volatile impurity/ is one of 

JL8 

tne factors ’whicn determines tne course of tnese reactions. ' For 
example/ HBr favours tne formation of nuclear brominated product/ 
l-bromo~ 2-methyl -naphtnalene in tne bromination of 2-metnyl 
napnthalene -witn SNBr. 
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product) product) 



quantity of solvent also influences tne ring and side-chain 

19 

bromlnati ons brought about by t>PI3r» ' 
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Equimolar quantities of ^rmr In CCl^ medium have be«-'n snovm 

20 

to oxidize mercapto groups to disulfides" (Bqn.12) , 
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Oxidative cleavage of aromatic disulfides in dry CCl^ in 

tne presence of dibenzoyl peroxide was observed oy 

21 

W , Urowbel (^qn.13) . 
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Oxidative cleavage of -t rip he ny lmo t ny 1 phenyl sulfide by SNBr 
takes place as shown in >(dqn,l<U . 


Ph^CSPh + 




' Phssrh 


• » < 


(14) 


Aromatic sulfides react with SNBr in aqueous media giving 

23 

hign yields of the corresponding sulfoxides. " For example/ see 
dqn.15. 



Dioxane~H o 0 




Ph 2 &0 

( 75 %) 


Pn 2 S + 


P • $ 


(15) 
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Oxidation of aldehyde oximes witn SNtir in dimethyl- 
formamide (DMF) gives nitrile oxides 2 ^ (j3qn,16). 


Ph-CH=N~CH + 



DMF - r 

P"-c=n-o' 


. . . ( 16 ) 


Tosylnydraaones can be converted to tne parent carbonyl 

2S 

compounds on treatment with 3NBr ' (Bqn. 17) 4 





Symmetrical ketazmes are formed wnen nydr&zones are 
26 

oxidised xvith SNBr. " 1, 2~Dj substituted hydrazines, on oxidation 

with SNBr in inert solvents, give azo compounds as shown in 
("Sqn. 18) . 


Ph-C-NM-NH-C-Ph + 

II ii 

0 0 



i-Br *" 


Ph-C-N«N-*C-Pn 
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0 0 
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* « « 


( 13 ) 
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That benzyne 5 nbermediates are formed in one oxidation of 

on 

i-aminobenzobriazole ' witn SNBr was snown by trapping tnis inter- 
mediate by means of bromine addition (Kqn.20). 



Schemes III.4 27 and IXI.5 28 illustrate a few of the dehydro- 
genation reactions of organic compounds accomplished using an 


excess of 
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The tnermooxidative destruction^ of 1,4, 5,8~napnthalene 
tetracarboxyl ic, fluorenone carboxylic, 1, 8-napnthalene dicarbo- 
xylic, phthalic and diphenonic acids and their potassium or sodium 
salts has also been studied. All free acids were decomposed to 
COg and H^O at 20Q-50°C;but the salts yielded other acids, such 
as mellopnanic, a -naphtnoic l hemirnellit ic acids witn ring 
cleavage and decarboxylation. 

'retracnloro (or bromo) phthalic acid" or annydride and 
3 -n i t roph tha 1 1 ic acid were decarboxyl a ted to corresponding benzoic 
acid wnen refluxed in DMF, Under similar conditions, 1,8-naphth- 
alene dicarboxylic acid, and its nitro derivatives cfave correspond- 
ing anhydrides, 

Carlsen nas reported oxidative decarboxylati on 0 + g-uydroxy 
carboxylic acids witn sodium nypocnlonte m acidic medium giving 
tne next lower homologous carboxylic acid. In tne absence of tne 
acid and in l^O-at^O medium, aldehydes and ketones were .observed 
to be quantitatively rormod. Tnus, PnC4 (OH) COOM and NaOCl gave 
95% of phCHO while PhCMe(Oi) COO.-i ad I'aOCJ gave 93% of PhCOMe. 

ALconols were prepared by photochemical decarboxylation of 
c: -hydroxy carboxylic acids when irradiation the acids was carried 
out in tne presence of a peroxide or an azo compound from radical 
initiators. Thus, H0 2 CCHMe0H was irradiated for 26 n , in the 
presence 01 UL0 2 (Q.nc)2 and BzOOH to yield 48 a of At OH . 
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c -Hydroxy acids give two main types of pxoducts on neating. 
(l) Esterification of the alconolic nydroxyl by tne carboxyl of 
another molecule oi tne acid first gives nemiactide (XI) and then 
a lactide (XII) is formed. 
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(2) Elimination of the elements of formic acid to yield an aldehyde 

RCOCO H > RC T JO H HCOOH 

I 2 

OH 

These reactions have been examined for acids upto rc -hydroxy 
sucaric acid. Hydroxy acids of tne type RR'c(OH)COOH behave 
similarly on neating and yield ketones instead of a Luonydes . In 
addition/ unsaturatod compounds are also formed. 

Conversion of a carboxylic acid (or its derivative) to a 
carbonyl compound by the loss of one carbon atom plays an important 
role in organic cnemistry, Tnis type of degradation is an impor- 
tant tool in tne structure elucidation of natural products. 

31 ... 

Yehuda Yanuka nave reported stepwise degradation of tne side 

chain in bile adds by the use of SP3r, a carbon atom being 

eliminated eacn time as snown m Scheme III. 6, 



S C-IEMjS III. 6 


CH 3 CHCH 2 CH 2 COOH 

R 


-b rumination 


NalO 

CH-CH-QIU < — 

i - co r-"2 


C-L.CHC 1C« >OH 

h i 

R OH 


CHL -CHCH „ CHCOOM 

' ’I I 

R Br 


hydrolysis 




2 steps 


1 


CH 3 CHCH 2 (piCOO-i 


! | 


Ha 10, 


OH 

-H, 


2 

-CO 


-v 


2 


Cn.CHCH-CHO 

3| 2 

R 



3 2 

Chromic acid oxidation" of mandelic acid yields benzdl- 
dohyde, benzoic acid and C0 2 in tne ratio 1:1:2. 

Reactive species most commonly encountered in bhi3r reactions 
are succinimidyl radical/ oromoniuin ion, bromine atom and moleculcir 
bromine, Tuough these species have been suggested in most of tne 
SNBr reactions, the patnways for tne formation of tnese species 
nave not been formulated clearly, 

Ever since the suggestion by Bloomfield in 1944 that 
succintmidyl radical can act as the chain carwing soeaies in tne 
ailylic bromination of alkenes, tnis species has been invoked in 
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several SNBr reactions . 33 / For example) , rearrangement of ShT\ r 

to .0 ~b romopropionvlisocyanate v;hen a l© r is refluxed in CHCl^ or 
CCl^ in tne presence of an olefin and a free radical initiator 
like benzoyl peroxide, or under irradiation has been suggested to 
proceed via tne succinimidyl radical* 35 (Eqn.21) 
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II 


.CH 2 ~CH 2 -C-b=C=0 


SFBr 


V 


BrCH o -CK o ~C~l'=C==0 

2 . j| 

O 

... ( 21 ) 


3 6 

Skell and Dey have argued tnat the succinimidyl radical 
as formed in the above reaction has the odd electron in the o 
orbital, designated as (S^,) , and is different from tne one that is 
formed in the presence of bromine in wntch tne odd electron is 
situated in the n orbital (Sp . This conclusion is cased on the 
fact that the latter radical does not undergo rearrangement to 
fl-bromoproptonyl isocyanate and also, the two species exhibit 
different reactivities in the competltitlve bromination of 
neopentane and methylene cnloride usjng SNBr. 
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However/ attempts to detect succinirnidyl radical by the BSr 

37 

spectroscopic metnud nave failed anci strong evioenca n Q s been 
presented against the involvement or tnis reactive species in a 
large number of SNBr reactions* An example of sucn a r j action is 
the Vflonl-Ziegler reaction. 

Benzyl ic bromination of toluenes proceeds by a free radical 

chain mecnanism involving bromine atom as tne hydrogen abstracting 

3 q 

species. (c.f. GOldfinger mechanism), " Reaction of 3-methvl- 
norborn-2-eno (XIII) witn SNBr m CCl 4 in tne presence of aibenzoyl - 
peroxide gave 3~bromo-*2~methylene-norbornane (XIV) and 2~tnethyJ -3- 
bromonortricyclane (XV) (Eqn.22), 



Compound XV has been suggests, a to arise via an ionic 

40 

mecnanism (J3qn,24) and (XIV) via a free radical mecnanism, 
though botn nave earlier been postulated to arise from a common 
bromonium ion intermediate XVI, 
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H 





(23) 


(24) 


.Similarly, both a free radical and an ionic mecnanism nas 
been suggested lor the SNBr bromination of bicyclo[ 2. 2. 2 \ ~oct~2~ 
ene (XVII) which yielded endo-8-bromo-toicyclo~[ 3 , 2 , lJ~oct-2-ene 
(XVIII) along with the dibromides (XIX) and (XX) 4 ^ (Son, 2b), 



9 ¥ ¥ 


(25) 
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Oxidation of alcohols to aldehydes and ketones can he 

effected by both SNBr and B^/ and since Br^ is formed during 

the reaction of SNBr with alcohols , it has been suggested that 

43 

is tne oxidizing agent in the SNBr oxidation of alcohols . 

44 

Krause and coworkers tentatively suggested that the SNBr 
oxidation of alcohols may proceed through an alkyl hypobromite 
intermediate (Eqn.27) . 


H 

» 

-C-O-H 


SNBr 




Ki •• 

-C - Q 1 Br 


~C=0 + HBr 

/ 


... (27) 
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Lecomite and Gault* have on the other hand/ suggested that 
halogen substitution on the OH -bearing carbon atom follows a 
rapid dehydrobrom.ination (Bqn.28) . 



. . . ( 28 ) 


Thiagarajan and Venkatasubramanlan ° have proposed a 
cyclic transition state XXI for SNBr oxidation of alcohols on an 
analogy drawn from the suggested transition state (XXII) for 
oxidation involving the breaking of OH bond as a hydride anion. 
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, , . 45 

Tne SNBr oxidation of 1 -phenyl p ropan-2-ol , brans -2- 
phenyl cyclohexanol and ,0-tetrulol proceeds through the bromination 
at the benzylic carbon atoms shown below;; 



4 6 

Kalyan K, Banerjee has suggested molecular bromine to be 
the active oxidising species in the oxidation of cr -hydroxy 
carboxylic acids with bromine (Scheme III, 8 ) . 


SCHEME III, 8 
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The mechanism of oxidative decarboxylation' of glycine 
(XXIIIa) / Db-alanine (XJCTIIb) and DL-valine (XXIIIc) promoted 
by SNBr has been shown to involve the format ion of an acyl 



hypobromite of(XXIIIa) ? its slow decomposition to an imine and 
subsequent rapid conversion of imine to products. (XXJIIb)and 
XXIIIc undergo oxidation by a mechanism involving the slow 
abstraction of the c: ^hydrogen in the form of hydride ion from 
the substrate as well as its acyl hypobromite to give imine 
(Scheme III. 9) , 


SCHEME 111,9 
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Scheme III . 9 (contd, ) 
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The mechanism of oxidative decarboxylation of amino acids 
promoted by SNBr has been shown to be significantly influenced 
by tne presence of alkyl groups at the a~carbon, Magnesium 
octaethylporphyrin (XXIV) has been found to be oxidised by SNBr 
giving the corresponding radical cation (XXV) via one~electron 
oxidate on process 48 (Eqn.29), 



(XXIV) 


(XXV) 
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Methylene t-butyl nitrone (XXVI) nas been found to react 
with SNBr giving, nitroxide radical (XXVII) as snown m (Egn.30 
tne presence of wmch was estabjisned by ESR spectroscopy metnod. 


+ 



CH' =N-C-CH- 
2 | I 3 


0 C-b 


(XXVI) 
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(30) 


Similarly, tne oxidation of dia rylmethy 3 -hydroxy famines 
(XXVIII) by SNBr has been reported to give nitrones (XXIX) via 
initial one-electron oxidation of the substrate by SNBr (Eqn.3l) . 
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Oxidation of hydro quin ones by SNBr gives corresponding 

quinones (JSqn, 3 2) ; aromatic hydroxy esters give corresponding 
50 

quinones, with bromine at che unsubstituted nuclear position 


(Eqn.33) . 



( 32 ) 
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Oxidation of aldehyde oximes with SNBr in DMF referred to vide 
Eqn.16 earlier gives nitrile oxides (Nqn.34) . 



Tne mecnanism of oxidation hus been snown to involve an 

ionic process , The reaction proceeds by substitution of the 

nydrogon on tne carbon bearing the hydroxyl group followed by 

51 

rapid loss of hydrogen bromide.' Tne rate determining step is 
tne cieavage of the -CMI bond. 


The 7 re -hydroxyl group in cholic acid was oxidized to tno 

carbonyl group (while the 3n~ and 12a -hydroxyl groups were 

52 

uneffected by SNBr in aqueous sodium mcaroonate, (or aqueous 

r-a 

acetone or dioxan " ) and the carbonyl group couid then be reduced 

to give desoxycholic acid, All three hydroxylic functions mentioned 

53 

above are,, however, oxidised using SNBr in tert. butyi alcohol. 

Cnolestane~5<x, 63-dloi has been oxidised to 5cx-hydroxycnoles tan-6- 

one and only tne 63 -hydroxyl group was oxidised when cholostane- 

55 

33, Set, 63~triol was treated witn SNBr. 
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The selective oxidation by SMRr a variety of hydroxyltc 

56 

groups in steroidal alcohols has been studded by Kawanamt who 
concluded that the most significant factor in the oxidation of the 
less active equatorial alcohols was the approacn ot tne case to 
the axlal-C-H bond of tne carbon atom whose nydroxyl group was 
being oxidised. 

Simple primary and secondary alcohols are oxidised to 

appropriate carbonyl compounds, generally isolated as tne 2,4- 

57 

dinitrophenvl nyd ra zones , The use of v-haloimldes -'or the 

dehydrogenation of primary and secondary alconols to aldehydes 

58 

and ketones was studied by Grob and Schmid, Tne oxidation of 

polyvinyl adcohol witn SMDr has been reported to affect conversion 

of approximately 2-6 percent of tne hydroxyl groups to the carbonyl 
59 

groups , 

SNBr has also been used as an oxidant for tne conversion 
of aromatic keto alcohols and secondary alconols to the corres- 
ponding carbonyl compounds , ^ 

Results of studies by Frank© and Bratnun,^ and by Locke, ^ 
on the decarboxylation of dihydromaleic acid indicate that the 
monoanion at 40° in water suffers decarnoxylation 40 times faster 
than the undissociated acid, 

64 

Brown, Hammlck and Scholefield studied the decarboxylation 
of several hydroxybenzoic acids in resorcinol and proposed a 
bimolecular mechanism for the reaction, Clark studied tne 



decarboxylation of 2, 4-dihydroxybenzolc acid in amines, glycols, 
phenols and acids. His results show that at 100°, the rate 
constant for the decarboxylation of 2, 4-dihydroxybenzoic acid is 
65 times greater in quinoline that it is m octanoic acid. 

These results suggest that 2, 4-dihydroxybenzoic acid 
ionizes in quinoline and the anion suffers decarboxylation, whereas 
in octanoic acid, ionization is repressed and tne undis gociated 
molecule decomposes. The supposition tnat the anion is involved 
in tne decarboxylation of 2, 4-dinyci.roxybenzolc acid in quinoline 
is supported by the fact that the enthalpy of activation of the 
reaction in quinoline is nigher than it is in the acid solvent and 
was noted in the parallel cases of oxalic and oxamlc acids, Tne 
fact that tne anions or P-hydtoxy acids appear to be more unstable 
that the undissociated acids, in contrast to the behavior oper- 
and ,0-keto acids may be a result of the greater hydrogen-bonding 
potential of the hydroxyl group as opposed to the keto group. 

The mechanism oC the decarboxylation of and /i-hydroxy 
acids and their anions is quite similar to the decarboxylation of 
a- and f3~keto acids and thejr anions, The rate determining stej) 
in the decarboxylation of the hydroxy acids is the formation of an 
activated complex shown below: 
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In 1884/ S libers tern observed, tnat tricnloroacetic acid 
is split quantitatively into chlorororn and CO^ when neated in 
organic bases such as aniline, M, N-dimetnyl almie , quinoline 
and pyridine. 

CC1 3 C00H > CHCl 3 -I- C0 2 

In tne decarboxylation ot tne unionized as well as the 
ionized forms of acids, tho mechanism Is believed to involve the 
formation of an activated complex by way of a nucleophilic 
bimolocular addition reaction, followed by the loss of carbon- 
dioxide by heterolytic cleavage. The rate-determing step in 
every case appears to be tne formation of an activated complex 
via a nucJeophilic attack on a n -bonded carbon atom. 

An example of free radical decarboxylation was encountered 
in Kolbe hydrocarbon syntnesis and Huns&ieckor reaction where 
silver salt of a carboxylic acid reacts witn bromine to lose C 0^ 
yielding an alkyl bromide, 

R-COOAg + Br 2 R-Br + C0 2 + Agor 

solvent 

P-COOAg + 13r * --- — — ^ R* ^ CO^, 

R* + Br 2 ---) R-Br -I Br* 



One of tne mechanisms put forth tor the decarboxylation of 


/l-keto carboxylic acids is as follows: 
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The above survey of the literature reveals tne possible 
significance of the reactions of SNBr with hydroxy and carboxyl 
groups present in separate molecules constituting different 
chemical and biological systems also indicates that though much 
ha3 been gathered on tne reactions of SNBr/ a lot still remains 
unexplored. Reactions or SNbr offer cnallenging opportunities for 
mechanistic investigations. In view of this, we decided to study 
a rew reactions or N-bromosuccinimide witn a few a-nydroxy caroo- 
xylic acids whicn contain both-nydroxy and carboxyl groups in the 
sa-me molecule , 

I I I , 3 Results and Discus sion 

1‘rom tne facts presented in the previous section it is 
evident tnat M-bromosuccinimide (SN.Br) acts as an oxidising agent 
in its reactions with a variety of substrates including carboxylic 
acids and alcohols; but the mechanistic pathways for such oxidations 
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are obscure. In order to examine the rnecnanistic details/ reacti- 
ons of N-bromosuccinimide witn a few ct-hydroxy carboxylic acids 
and their salts have been examined under different conditions, 

It is known tnat the ct-hydroxy carboxylic acid viz glycolic acid/ 
mandelic acid and benzilic acid as well as their salts are stable 
in refluxing dimethyl formamide; but carbon dioxide evolution takes 
place when tnese acids or tneir salts are refluxed along with 
N-bromosuccinimide in DMF medium. These observations have also 
been made in the present study wnich along with additional data 
recorded by us are listed in Table III.l, 

Table III.l, Reactions of 0,005 mol of ct-hydroxy acids a 

(RR'C - C-OH) or their sodium/potassium salts with 

o:i o 

N-bromosuccinimide in dry DMF medium at reflux 
temperature under nitrogen atmospnere for 1 h 
unless otherwise specified. 


Run 

Substrate 
acid or 
* salt 

(O.OOSmol) 

N-Bromo- 

suocinimide 

(mol) 

% Yields of products 

R-C0-R' R'RCHOH COj, 

' •****^ | 
7oStar- 
ting 
materi ai 
(as acid) 
recove- 
red 

1 

2 

jznzin 

4 5 

6 

,„7 

" ""if ‘ 

1. 

Acid(R=R'=H) 

0.01 

45 5 

53 

46 

44 

2, 

Acid(R=R'=C 6 H 5 ) 

0.01 

69 

70 

68 

28 

3, 

I< salt (R=R' »H) 

0,005 

8 35 

48 

66 

46 


Table III.l(contd.) 
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Table 

III. 1 (contd 









2. _ 

IT ' 

4 

” V" 

6 

7 

is' 

4. 

I< salt ( r=r‘ 

=H) 0.01 

55 

21 

76 

79 

12 

5 b . 

Ha salt (R=H 

,R l =C 6 Hj 0.005 

13 

26 

49 

62 

45 

6 > 

Ma salt(R=H 

/R'sCgH-) 0.01 

65 

6 

85 

83 

10 

7 b . 

K salt ( r=r* 

=CgHg) 0.005 

18 

19 

47 

60 

44 

8. 

- do - 

0.01 

79 

- 

88 

86 

10 

9. 

- do - 

0.005 

45 

•W* 

45 

48 

45 

io. d 

- do - 

0.005 

6 

8 

12 

46 

81 

11. S 

- do - 

0.01 

87 

- 

89 

90 

~ 

12. f 

- do - 

0.01 

no 

reaction 




13. q 

K salt (R-R 1 

=H) 0.01 

18 

56 

78 

80 

13 

£ 

- do - 

0.005 


41 

48 

46 

46 


a. or -Hvdroxv acids used were glycolic acid (P=r 1 =h) , mande3 ic 
acid (Rs*il/ R 1 =sCgHg) and benzillic acid (R=>V =CgH^) , 

b. Presence in small quantities of CgHgCH(OH) ~CH (OH) OgH R in run 5 

and (CJH c ) o c(0H) -c(OH) (c r H-) in run 7 was also detected. 

6 5 2 o b 2 

c . In oxygen atmospnere . 

d. In tne presence of 150-W bulb kept one ft. away from tne 
reaction flask and under stirring for 12 h. 

e» Reaction time increased to 6 h. 

f* Under stirring at room temperature for 12 h. 

g. In tne presence of 0.01 mol. cumene. 
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It is evident from these data that tne reactions conducted 
with 1:1 molar ratio of tne two reactants generally went forward 
to tne extent of about 50%; wmle tnose involving double tne 
quantity of N~brornosuccinimide were nearly complete in 1 h. at 
the reflux temperature m 'OMF medium. It is noteworthy in this 
connection that at room temperature/ potass lum salt ox benzilic 
acid did not produce any reaction with h-bromosuccinimide under 
otnarwise s>imilar conditions (run 12) . In view of me fact tnat 
N-bromosuccinimide can act as a single electron acceptor a new 
electron transfer mecnanism for tne reactions ot tne salts of ct - 
nydroxy carboxylic acids with Is-bromosuccinimide in 1:2 molar ratio 
is proposed an Scheme 111,10 which rationalizes all otner obser- 
vations also quite satisfactorily. 
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Scheme III . 10 (contd. ) 



S cneme III . 10 (contd, ) 
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The reversible formation of 1:1 charge transfer complex in 
step 1 is followed by its tnermal decomposition resulting in an 
electron transfer from tne carboxylate anion to oNBr, The radical 
anion of tne SNBr formed in step 2 undergoes cleavage at the F-Br 
bond giving succinimidyl anion and bromine atom (step 3) , The 
greater electronegativity of nitrogen compared to that of bromine 
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would prevent trus cleavage from going in tne direction ot succini- 
midyl radical and bromide anion formation. The coupling of two 
bromine atoms gives molecular bromine (step 4) which has been 
actually found to be present m al3 the reactions . The radical 
corresponding to the carboxylic acid anion obtained m step 2 by 
tne loss of one electron from the latter undergoes a C~C bond 
homolysis producing carbon dioxide gas and an hydroxy alkyl carbor 
radical as in step 5. A part of tnese carbon radicals may abstiact 
hydrogen atoms from the DMF giving alcohols such as methanol and 
benzyl alcohol according to step 9, while rest of tne carbon 
radicals are furtner oxidized by tne unreacted dNBr present, giving 
protonated carbonyl compounds as snown in step 6. Cn tne removal 
of a proton from the latter uitn tne nelp or succinimidyl anion, 
carbonyl compounds such as formaldenyde, benzaldenyde and benzo- 
pnenone are produced as in step 7. Non-existence of benz^ldryl 
alcohol among the products in run 8 may be attributed to the 
greater resonance stabilicy of benzhydryl radicals towards nydrogen 
abstraction from DMF. Tne formation of alcohol by means of hydro- 
gen abstraction by the carbon radicals from th° medium is confirmed 
from tne observations recorded for run 13 wherein in the presence 
of efficient hydrogen atom donor more metnyl alcohol is produced 
at the expense of formaldenyde (compared to run 4) . 

From tne results obtained on the reactions using salts of 
d-hydroxy carboxylic acid and SNBr in Isl molar ratio it is also 
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clear tnat N~bromosuccinimide oxidizes tne carbon radicals ho the 
corresponding protonated carbonyl compounds (step 6) faster than 
it oxidizes tne carboxylate anion to tne corresponding radical 
(steps 1 S' 2) . Hence close to 50'o of tne starting carboxylate 
anion is recovered unreacted at tne end of tne reaction in tne 
form of "t-hydroxy acid. The succinimidyl anion produced in the 
reaction may also reduce che SNBr present in excess as follows 

SN: + SN-Br 7> SN* b SN-Br~ 

SN-Br ^ SN:~ + 'Br 

Recovery of larger quantifies of unreacted c -hydroxy acids 
in runs 1 and 2 compared to the recoveries made in runs 4 and 6, 
respectively also confirms mat tne SNBr oxidation of the salts 
of ^ -nydroxy carboxylic acids occurs faster compared to the 
oxidation of ct -nyciroxy carboxylic acids tnemselves. In the 
reactions involving acids (not their salts) the formation of 1: 1 
complex between tne two reactants corresponding to step 1 appears 
to be slower. That the equilibrium of tne type illustrated in 
step 1 may be quite significant is demonstrated by the resuJts 
obtained in run 11 (compared to run 8) wnere increasing the reac- 
tion time lead to tne full consumption of tue starting carboxylic 1 
acid salt. In run 10 whdcn was carried out under photochemical 
conditions/ tne oxidising reagent, SNBr preferentially underwent 
homolysis of the N-Br bond resulting the destruction of tne oxidant. 
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Thus, very little oxidation of the carboxyl anion took place. 

SH-Br SM' + *ar 

The presence of carbon radicals as produced in step 5 is 
also confirmed from runs 5 and 7 wherein small quantities or 
pinacols presumably formed by tne radical dimerasation illustrated 
below were found among tne products, 

R' R 1 R r R' 

! 

R-C* f* 

OH OH Oh OH 

A comparison of the results obtained in run 9 (conducted 
in the presence of 0 2 ) with those obtained in run 7 indicates tne 
trapping of carbon radicals witn molecular oxygen and subsequent 
formation of benzophenone at the expense of benzhydryl alcohol 
and benzpinacol, (c^H^)^ c(OH) -c(OH) (CgH^) 2 * 

R' R' R' 

R-C* + 0_ } R-C-O-O" R-O-O-O-H 

| 2 | I 

OH OH OH 

JR' 

1 ! 

R-<j>Q-0-H $ R-C-O* 4 OH 

OH 0H 
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R' 


R-C-0* 

I 

OH 



R 1 

f 

R-C-OH 

l 

OH 


R' 



l 

OH 




c=o 


Succinimide bedng nignly soluble in water could not be fully 
recovered from tne reaction mixture. 


The arguments advanced in support of the new mechanism 
proposed in Scneme III. 10 above are further substantiated by our 
results obtained as recorded under experiments 15 and 16 m tne 
Experimental Section III, 4, Thus, the use of p-nitrobenzenedia- 
zonlum cation as an oxidising reagent instead of jsf-bromosuccinf- 
mlde for the oxidation of benzilic acid anion gave tne results 
which can be accounted for by the electron transfer mecnarism 
outlined in Scheme I El. 11, 


SCHEME III. 11 


(C 6 H 5 ) + e-°2 N - C 6 H 4- N =' N ~> ( H H 5> 2T~g-?. : + 


\ w 

;0~H 0 


:OH 

p-° 2 M-C 6 H 4 -h=M 


p-o 2 n-c 6 h 4 -n=n* ) p-o 2 h~c 6 H 4 * + m 2 


Scheme III . 11 (contd.) 
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Sche me II x ^ jl jj cont d.) 


P ~ 0 2 N ~ C 6'V 


DM? 


> C 2 JS)-C 6 H 5 


(C 6 rf 5 ) -MC-r-O.-C' + CO. 

Oj ^\o‘* 652^ 

: O-H 


: O-H 
► « 


C H 

i 6 5 + 

c 6 h 5 -c* + p~C) 2 m-c 6 h 4 ~n=m 

: O-H 


— -> 


C 6" ! 5 


C 6 rI 5 


-A 


C.H_ 
i 6 5 


JO-H 


v /^ 6 ^ 5 y 

+ 0-r’ 


+ P“° 2 N “ C 6 H 4 ~N=M’ 


F 


6 H 5 


-h"’" 


C 6 H 5 


'6 5 


C^H n ~C 

II 

+0-H 


^ 


C 6 H 5 




C=0 


Here again the p-n±trobenzenediazonium cation oxidizes the hydroxy 
diphenylmethyl radical in preference over tne benzilic acid anion, 


1 1 1 . 4 Exp e ri menta l : 

All melting points were taken on MEL-TEMp melting point 
apparatus, IR spectra were recorded on Perkm-JSlmer Model~521 
infrared spectrophotometer. Column chromatography was done over 
activated silica-gel (100-200M) . Silica gel (asc-India) was used 
for TLC analysis. Reaction products were identified by comparison 
:p£ IR spectra witn those of authentic samples , tnin layer 
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chromatography and determination of melting point and mixed melting 
points * Literature melting points are cited from 'Handbook of 
Chemistry and Physics" 50 th edition, R.C. Weast (Ed.) published 
by Chemical Rubber Co,, Cleaveland, Ohio, unless otherwise specified. 

Starting materials : 

Potassium salts of glycolic and benzilic acids and sodium 
salt of mandelic acid were prepared by known procedures, N-Brorrio- 
sucamimicle (SNBr) was recrystaJ lised from hot water before use, 
Dimedone (BDH) was used without further purification. Cumene 
(Kocn-light) was used after distillation, Deareated dry DMF was 
prepared as summarised below: 

P reparati o n o f deare a t ed_ d ry N , NpD imethy 1 __ iu rmam ude (d mF) 

DMF was kept over calcium cnlonde (fused) for 24 h, after 
wnlch it was decanted into all round bottomed flask. The liquid 
was distilled at atmospheric pressure and, tne fraction distilling 
over a temperature range 152-154°C was collected. DMF was deareated 
by passing pure, dry nitrogen continuously for 1 n, into tne solvent 
contained in a 11. round bottomed flask mounted over a magnetic 
stirring base , 

Esti mation of f orma l denyde . and be nza .l aeh yde 

To a 50 ml portion of solution taken out from the solution 
meant for aldehyde estimation in specific experiments, an aqueous 
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saturated solution of diinedone (50 ml) was added. After stirring 
for 6 h. over a magnetic stirring base/ the mixture was allowed 
to stand for 40 h. The precipitated dimedone derivative of tne 
aldehyde was separated by filtration and dried at 60°C. It was 
cnaracterisod by mixed melting point and its superimposable IR 
spectrum with that of an authentic sample. The total yield of 
tne d<i*tfriedone derivative and nence tnat of the aldehyde in the 
entire solution used as aldehyde trap was subsequently extrapolated. 

Estimation of CO gas: 

The gas evolved in the reaction was passed into a C0 2 
absorption device consisting of a stoppered conical flask contain- 
ing 75 ml of an aqueous solution of 38 ( 0 : 4 ) 28:420 prepared by 
dissolving 7.88g; 0.025 mol of Ba(0H) 2< 8H 2 0 in distilled water/ 
placed over a magnetic stirring base. The baryta solution was 
stirred continuously while tne gas evolved was allowed to pass 
into it turning the solution turbid, after tne evolution of gas 
ceased/ the contents of tne conical flask were carefully trans- 
ferred into a 100 ml measuring flask. After rinsing the -^lask 
twice with about 10 ml portions of distilled water and pouring 
1 the washings into the measuring flask/ the volume of tne solution 
in the measuring flask was made up to 100 ml by adding distilled 


water. 



154 


A 20 ml portion of tnis solution was pipetted out into a 
clean conical flask and the unreacted barium nydroxide titrated 
against standard hydrochloric acid using phenolphthalein as 
indicator. Tne titrataon was repeated a few times to get a cons- 
tant reading for the volume of tne standard acid required. 

The volume of standard alkali wnicn reacted witn tne C0 2 
was tnen computed, The total percentage of carbondioxide evolved 
was thus determined. 

Detection of Br 2 gas: 

To a 50 ml portion of tne solution obtained after pouring 
the reaction mixture into acidified (HCl) water, 5 g of potassium 
iodide was added. Due to formation of a violet coloration 

appeared. This was followed by tne addition of sodium -chiosulfate 
till the color of iodine disappeared. Tne presence of molecular 
bromine wnlch oxidized tne iodide to I , was observed in all the 
reactions excepting run 12, 

1 , R eactio n o f glycolic ac id (0.005 mol, i 0 . 38q) with S MR r (0.01 mol ; 

1 .78g) un d er nicrogen a tmos phere in _ dry_ D MF at r e flux t empe rature 

Glycolic acid (0.38g) and dry DPF (30 ml) were placed in a 
3-necked RES flask mounted over a magnetic stirring base. The open 
end of the condenser fjxed to the RB flask was connected to a 
conical flask containing 100 ml of acidified (HCl) aqueous methanol 
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(1:1 by vol) used as a trap for formaldehyde, which was connected, 
in turn, to anotner conical flask containing 75 ml of standard 
Ba (OH) ^ . SH^C) solution serving as trap for C0 2 . After flushing 
the contents of the system with dry N 2 gas for 10 mm, the contents 
of the RB flask were heated over an oil-bath maintained at a 
temperature range 70-80°. 3R6r (l,78g; 0,01 mol) in 30 ml dry DMF 
was then added to the RB flask, Evolution of CH 2 0 and CC> 2 gases 
started a^ter 5 min, of heating and got absorbed in the respective 
conical flasks serving as traps. Gas evolution stopped after 
25 min. Tne contents of the kB flask were tnen neared for additi- 
onal 30 min, with stirring. Thereafter, the contents of the RB 
flask were cooled to room temperature and poured 200 ml of acidi- 
fied (HCl) ice-cold water giving a solution labelled as solution A^ . 

The contents of cne conical flask wnicn trapped formal deny de 
were used for the determjnatd on of formaldehyde as described 
earlier, The yield of formaldehyde formed was estimated to be 45%, 
characterised by the melting point and mixed melting point of the 
dimedone derivative, Mp, 187° (found); lit m.p., 189 c. 

A 50 ml portion of solution A^ was used for detection of 
Br 2 as mentioned above. 

To the rest of tne solution a^, solid NaOH flakes were 
added to make it just alkaline, NaCl (lOg) was then added and 
the mixture extracted with etner. The etnereal layer was separated 
hashed with water and dried over anhydrous Ha 2 S ° 4 . The extract 
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was then concentrated by evaporation of the ether* GLC analysis of the 
concentrated etnereal extract indicated tne presence of metnanol 
5% in the entire solution a^ (by comparison witn an authentic 
sample) . 

The aqueous layer was, thereafter, extracted witn dicnloro- 
methane. After drying tne extract tne solvent was removed wnen 
crystals of succinimide were obtained. The compound was identi- 
fied by IR and melting point metnods . Total yield of succinimide 
contained in solution a^ was round to be 0.82g (46%);n}.p. 260 ; 
lit.m.p,, 260°. 

The aqueous layer remaining after extraction with 
was then acidified with HCl and extracted with ether. The ethereal 
layer was washed and dried. Evaporation of ether yielded the 
starting glycolic acid, characterised by melting ooint and mixed 
melting point technique. Total yield of this acid in solution A^ 
was estimated to be 0,l7g (44%) . 

The amount of CC> 2 evolved estimated using tne contents of 
the conical flask used as CH^O trap as described earlier was found 
to be 53%. 

2 * Reaction of ben z illc acid (0 ., 00 5_mo l ? 1 « 240g) with . .StsfB r (Q .. .Q 1 
mol, 1.78q) in__dr y DMT (30 ml) under nitrogen atinosphere_ 

at reflux temperature 

In a 3-necked FB flask mounted over a magnetic stirring 
base, benzilic acid (1.24g, 0.005 mol) was placed and 30 ml of 
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dry DMF added. One neck of the RB flask was connected to a gas 
passing adapter to pass pure dry F 2 , to the otner neck was attached 
a condenser whose open end was connected to a conical flask contain- 
ing standard barium hydroxide solution (7 5 ml) serving as CC> 2 trap. 
To the tnird neck of tne RD flask was attached a dropping funnel 
containing 1.78g, 0,01 mol of SNBr m 30 ml dry DMF. After 
flushing the flask with nitrogen gas for 10 mm, the contents of 
the flask were heated in an oil bath maintained at a temperature 
ranging from 70° to 80° and SNBr solution added. The gas formed 
as the reaction occured was allowed to be absorbed m the C 0 2 trap. 
Evolution of gas which commenced after 5 min. of neating stopped 
within 25 mm. The contents of the flask were further heated for 
30 min. and later cooled to room temperature and then poured into 
200 ml acidified (HCl) ice cooled water. 

On addition of the reaction mixture to acidified water, a 
wnite precipitate was formed which was separated by filtration 
(filtrate labelled as solution a 2 ) and found to be benzophenone 
(0«86g; 69% yield) , Tne ketone was characterised by the preparat- 
ion of 2: 4-dmitrophenyl hydrazone derivative, melting point and 
mixed melting point tecnmgue. Mp. of 2:4 DNP derivative 239° 
(found) lit. mp., 240° (Dictionary of organic compounds). Mp of 
benzophenone 4-5^ (found) . A 50 ml portion of solution. A 2 v?as 

. f! 

J ' used for detection of Br 2 as usual. 
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The remaining solution A 2 was made just alkaline by tne 
addition of sufficient quantity of NaOH flakes and tnereafter 
LOg of NaCl was dissolved in it. Extraction of tms aqueous 
solution with di chloromethane, wasning with water/ drying over 
'IgSO^ gave a solution/ evaporation of tne solvent (CH 2 C1 2 ) from 
rthich yielded succinimide cnaracterised by comparison of its IR 
spectrum with that of an authentic sample and determination of its 
nelting point* Mp,-260° (found); lit - 260°, The total estimated 
yield of succinimide as contained in solution was estimated to 
oe 1.21g; 68%. 

Tne above aqueous solution A 2 left after extraction witn 
dichloromethane was just acidified to precipitate the starting 
acid/ (benzilic acid), Tne precipitate was filtered, wasned, 
dried and weigned to give benzilic acid, Mp.l50° (found), lit, 
m,p,,150°. Total estimated quantity m solution a 2 was 0,35g;28%, 

CC^ (70%) was found to have evolved in this reaction as 
estimated by the procedure described earlier. 

• Reaction of p otas sium sa lt of glycolic a cl d (0.00 5 mol; 0 , 57 q) 
with 3NB r (0,005 mol; 0 .89 q) in dr y DMF u nder nitrogen atmos - 
phere at re flux t empe rature . 

In a 3-necked RB flask, mounted over a magnetic stirring 
,i$[ase, fitted with a device to pass pure dry 2 , condenser connected 

1 ty* ' 

conical flask containing acidified (HCl) aqueous methanol 
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(Is 1 by vol) serving as CH^O trap which was connected in turn to a 
conical flask containing 75 ml of standard Ba (OH) 2 , 6-I 2 0 solution 
to serve as CO 2 trap was placed 0,57g (0.005 mol) of potassium 
salt of glycolic acid m 30 ml dry DMF. Pure dry was passed 
into the flask for 10 min after wnxch it was placed in an oil-bath 
maintained at a temperature ranging from 70° to 80° and 0,89g 
(0,005 mol) of SNBr dissolved In 30 ml DMF was added with the help 
of a dropping funnel. The evolution of gases commenced after 
5 min of addition. The gases were passed into the gas traps for 
25 min, after which the gas evolution stopped. The contents of 
tne RB flask were heated further for another 30 min., then cooled 
to room temperature and poured into 200 ml acidified (HCl) ice- 
cold water giving a solution labelled as solution A 3 . 

A 50 ml portion of contents of the conical flask serving 
as trap was taken out for estimation of formaldehyde as 

described earlier, The yield of formaldehyde thus estimated by 
preparing its dlmedone derivative was found to be 0.0 5g (8%), The 
dimedone derivative was cnaracterised by its melting point. Mp,187° 
(found); ljt.m.pi., 189°, (Dictjonary of Organic compounds). 

a 50 ml portion or solution A 3 was used for the detection 
of Br^ as described earlier. 

To the rest of the solution a 3 solid NaOH flakes were added 
to make it just alkaline. Thereafter lOg of Pa Cl was dissolved in 
, The mixture was then extracted with ether. The ethereal layer 
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was separated washed witn water dried and concentrated. The 
concentrate was analysed for methanol by GLC (comparison witn an 
authentic sample) . The total yield of metnanol as contained m 


solution A 3 was thus estimated to be 3 5%. 

The aqueous layer of the above solution A^ remaining after 
extraction with ether was tnen extracted witn CH^C^. From tne 
dichloromethane extract/ succinimide was isolated and characterised 
as usual. The total yield of succinimide as contained in original 
solution A^ was estimated in tnis manner to be 0.59g; 66%. 

The aqueous layer left after extraction witn was 

acidified with HCl and the resultant mixture extracted with etner. 
The ethereal extract was washed with water, dried and evaporated 
to give glycolic acid. The total glycolic acid content in solution 
A^ was thus estimated to be 0.26g; 46%. 

CO^ gas was estimated from the contents of the flask serving 
as CO^ trap and found to be 48%. 

4 . Reaction of potass ium salt of glyc ol ic acid (0.005 mol; 0,57q) 
with t>NDr ( 0. 01 m ol; 1.78g ) under nitrogen atmosphere m dry 
D MF at reflux temper a ture , 

In a 3-necked RE flask 0.57g (0.005 mol) of potassium salt 
of glycolic acid was placed. The flask was fitted with a device 
to add SNBr solution and to pass pure, dry nitrogen, a condenser, 
'device for the absorption of CH 2 0 and CO^ and on oil batn as 
• described in the above experiment. 
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The contents of tne rb flask were flusned witn gas for 
10 min after which the flask was placed in an oil-bath maintained 
at a temperature ranging from 70° to 80°. SNBr (1.78g; 0.01 mol) 
contained in 30 ml of dry DMF was tnen added to tne flask through 
a dropping funnel. 

The gases formed when tne reaction commenced after 5 min. 
were passed first into the CH^O trap and then into tne CO^ trap. 
The heating was continued with stirring for 1 h after whicn tne 
contents were cooled to room temperature and tnen poured into 
200 ml of acidified (HCl) ice-cold water. This solution was 
labelled solution A^, 

A 50 ml portion of this solution was used for the esti- 
mation of formaldehyde as described earlier. Total yield of 
formaldehyde in tne entire solution was estimated to be 0.3ig; 
55%. kieltmg point of tne dimedone derivative 189° (found); 
lit.m.p, , 189°. 

Anotner 50 ml portion of the solution was used to test 
the presence of Dr 2 as described earlier. 

Tne rest of the solution was treated witn RaOH flakes 
to make it just alkaline and RaCl (lOg) was dissolved in it. This 
was then extracted with ether. The etnereal layer was separated, 
washed with water, dried and concentrated. G.L.C. analysis as 
usual of this concentrate snowed the presence of metnanol in 21% 
yield in tne total solution a 4 « 



162 


The aqueous layer obtained after the above ether extraction 
was then extracted with dichloromethane which after separation 
washing/ drying and evaporation of the solvent yielding succini- 
mide whicn for the entire solution a 4 amounted to 1.41g; 79%. 

Mp ♦ 123° (found) lit.m.p, / 125°, 

The aqueous layer after the above extraction with 
was acidified witn HCl and then again extracted with ether, The 
washed/ dried extract/ on evaporation of the ether/ gave the 
starting material as glycolic acid estimated for tne entire 
solution to be 12% yield; O.Q7g, Mp,77° (found); lit ,m,p , , 79°. 

COg gas estimated in tne contents of the flask serving as 
CO^ trap was found to be 7 6%, 

5 . React .ion of sodi um sal t of mand eli c acid (0. 0 05 mol, Q.S7q) with 
S NBr (0 . 00 5 mo l; 0»89q ) un d er n itroqen atm osphere In dr y DMF at 
reflux temper ature . 

In a 3-necked RB flask, mounted over a magnetic stirring 
base was placed sodium salt of mandelic acid (0.87g, 0,005 mol) 
and 30 ml of drv DMF. One neck of this RB flask was connected to 
a CO^ trap through the upper end of a condenser. Tne system was 
then flushed with nitrogen gas passed througn a gas passing tube 
connected to a neck of the RB flask. The contents of the rb flask 
were then heated in an oil bath maintained at a temperature ranging 
from 70° to 80° and SNBr (0*89g) dissolved in 30 ml of dry DMF 

mI 

^dded through a dropping funnel. The gas evolution commencing 



after 5 min. of addition continued upto 25 min. The gas that 
came out was passed into the conical flask containing baryta 
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solution (CO^ trap) . The reaction was allowed to go on for a 
total period of 1 h. after which contents of tne RB flask were 
cooled to room temperature and poured into 100 ml acidj fied ('-id) 
ice-cold water. The resultant solution was labelled solution Ag. 

A 50 ml portion of tnis solution was used for tne esti- 
mation of benzaldehyde as described earlier. Yield as extra- 
polated for the entire solution was 0.39g; 13%. Mp. of dime- 
done derivative - 195° (found); lit ,m.p. , 195° (Dictionary of 
organic compounds) . 

Another 50 ml portion of solution was used to test 
presence of Br ? as described earlier. 

The rest of tne solution was treated with PaOH flcjkes to 
make it just alkaline tnen lOg of FaCl were dissolved in it, Tnis 
solution was extracted with ether and the ethereal layer separated/ 
washed with water/ dried and concentrated by evaporation of tne 
ether. This was then analysed by G.L.C, which snowed tne presence 
of benzyl alcohol in entire solution A^ in a total yield of 26/o, 
T.L.C. analysis also indicated the presence of traces of 
CgHgCH (OH) -CH (OH) CgHg. 

agoeous layer separated above was extracted witn <^,^ 201 - 2 * 
The CH 0 Cl 0 layer/ on separation drying and evaporation of tne 

4 4 

..solvent gave succinimide which on extrapolation tor tne entire 



solution A 5 corresponded to an overall yield of 0,55g; 62%. 
Mp .123* (found); lit .m.p , , 125°, 
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The aqueous layer obtained after extraction witn CH 2 C1 2 
was acidified with HCl and extracted with ether. This ethereal 
extract on evaporation of tne solvent gave mandelic acid whicn 
on extrapolation of tne yield for entire solution corresponded 
to 0,39g; 45%, 

CC >2 was estimated as described earlier using the contents 
of the CG 2 trapping flask and ^ound to be in an overall yield of 
49%. 

6 . Reaction o f sodium sa lt of mandelic acid (0.005 mol; 0.87g ) 
with SNBr (0,01 m o l, l, 7 8q) under nitroge n a tmospnere in dry 
D MF at reflux temperatur e , 

Sodium salt of mandelic acid (0,87g, 0.005 mol) m dry DMF 
(30 ml) was placed in a 3-necked RB flask mounted over a magnetic 
stirring base in an apparatus assembly as described above. Pure, 
dry nitrogen was passed into the RB flask after wnico tne contents 
■ of tne flask were heated m an oil-bath maintained at a temperature 
ranging from 70° to 80°, SNBr (1.78g, 0.01 mol) dissolved in 
30 ml of dry DMF was then added to tne RB flask. Gas evolution 
was observed after 5 min. The gas was passed into a conical flask 
containing 75 ml of standard Ba(OH) 2 *8H 2 0 solution serving as CC> 2 
trap. The reaction was allowed to go on for 1 h. after which the 
contents of the FB flask were cooled to room temperature and then 
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poured into 200 ml of acidified (HCl) cold water. This resultant 
mixture was labelled as solution A g . 

A 50 ml portion of this solution A g was used for the esti- 
mation of benzaldenyde in the form of dimedone derivative as 
described earlier. Total yield of tne aldehyde corresponding to 
tne entire solution was estimated to be 0.57g; 65/, 

Another 50 ml portion of solution was used to test the 
presence of Ur^ as described earlier. 

To the rest of the solution A g / solid NaOH flakes were 
added to make the solution just alkaline. NaCl (10g) was also 
dissolved in it. This mixture was tnen extracted with ether. 

The ethereal layer was separated/ washed with water and dried. 

The ethereal extract was concentrated. G.L.C. analysis of the 
concentrate indicated the presence of benzyl alcohol which corres- 
ponded to a total yield of 6 % in the entire solution A & . 

The aqueous layer remaing after the extraction with ether 
was extracted for a second time with The CH^Cl ^ layer 

on separation and evaporation yielded succinimide which correspon- 
ded to the total yield of l,48g; 83% in the entire solution A g . 

The aqueous layer after extraction with CHjClg was sligntly 
acidified with HCl and extracted with etner. The dried ethereal 
extract on evaporation of the solvent yielded, mandelic acio. tne 
total yield of which corresponding to the entire solution A g was 
;<Q ,09g; 10%. 
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CO^ was estimated to be in the yield of 86/4 as described 
earl ier, 

7 . Rea ction of potas si um s a lt of benzi lic acid (0,00 5 mol _ l_ «83sl, 
w ith S rB r (0,005 mol; 0,S9g) under nitrogen atmosphere in_ dry 
P MF at reflux temp e rat u re , 

Potassium salt of benzilic acid (l,83g7 0.005 mol) and 
30 ml of dry DKF was placed in a 3-necked RB flask mounted over a 
magnetic stirring base in an assembly of apparatus as described 
above. Pure/ dry nitrogen was flushed into the flask for 10 min, 
after wnicn the contents of the flask were seated m an oil-bath, 
maintained within a temperature range of 70° to 80 * A solution 
of Stffir (0 . 89g; 0.005 mol) in dry WF (30 ml) was then added 
through a dropping funnel with continuous stirring and the reaction 
was allowed to continue for 1 hr. Gas evolved was passed into the 
Ea (OH) 0 , OH.O solution (CO trap). Total yield of C0 2 was estimated 
as mentioned earlier was found to be 47%, The contents of the 
flask were, afrter tne specified period of heating, cooled to room 
temperature and poured into ice-cold water acidified with HCl . A 
white precipitate which appeared was separated by filtration and 
found to be benzopnenone (0.33g; 18%) identified by means of 2:4 
DNP derivative, Tne filtrate obtained was labelled as solution A^ . 

A 50 ml portion of solution was used for testing tne 
presence Br^. 



167 


Tne remaining solution a^ was made alkaline by the addition 
of NaOH flakes. To this, lOg of KaCl was added and this mixture 
extracted with ether. Ethereal layer, after wasning witn water, 
drying and concentration was subjected to GLC analysis snowed the 
presence of benzhydryl alcohol the yield of whicn on extrapolation 
for the entire solution was found to be 19%. TLC of the concen- 
trate also indicated rhe presence of small amounts of (CgHg) 2 c(OH) - 

c ( oh) <c 6 h 5 ) 2 . 

The aqueous layer remaining above was extracted with CH 2 C1 2 « 
The purified extract, on evaporation of the solvent, gave succmi- 
mide which for the entire solution corresponded to an yield of 
0 , 53 g; 60%. The aqueous layer left after tne above extraction 
with CM Cl was acidified witn MCI. Benzilic acid which precipi- 
tated out was wasned, dried and weighed. The total yield or 
benzilic acid estimated for the entire solution was G.81g; 44%, 

8, Re action of potassium salt of benzllic_a cld (0 . l Q.Q„5_rnolj — 

with S NB r ( 0,01 mol ; l,78q) u nder njLtrogen_ atmosphere — i]Q w dry, 

D MF at reflux, tem perature . 

In a 3-necked RB flask mounted over a magnetic stirring base 
and fitted with apparatus assembly as described above was placed 
1.83g/ 0.005 mol of potassium salt of benzilic acid in 30 ml of 
dry DMF. Pure dry l T 2 was passed through a gas passing tube for 
10 min. The flask was then heated in an oil-bath maintained at 
a temperature ranging from 70° to 80°. SNBr (1.78g/ 0,01 mol) 
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dissolved in 30 ml of dry DMF was added to the flask with conti- 
nuous stirring. The reaction commenced witn evolution of gas 
which was passed into the £a (OH) T 8H O solution acting as C0 2 trap 
as mentioned in earlier experiments, after 1 h, the contents of 
the flask were cooled to room temperature and poured into 200 ml 
of acidified (HCl) ice-cold water, A white precipitate which 
separated was filtered off and identified to be benzophenone in 
79% (l,45g) yield. The filtrate was labelled as solution Ag, 

a 50 ml portion of tne solution a„ was used to test presence 

O 

of Br 2 » 

Tne rest of tne solution Aq was made alkaline by adding 
NaOH flakes and lOg of NaCl added to it. Tne mixture was extracted 
with ether. The etnereal layer was separated, wasned with water, 
dried, concentrated and the concentrate subjected to G.L.C. and 
T.L.C, analysis. These analyses did not indicate tne presence of 
any organic products . 

The aqueous layer left in the above extraction was again 
extracted witn The dichloromethane layer after wasnlng 

with water, drying and concentration showed, on TLC analysis, -the 
presence of succinimide. Total yield extrapolated for the entire 
solution A q was l,53g; 86%. 

The remaining aqueous layer, after extraction witn CH 2 'T1 2 
was acidified with HCl. A precipitate which separated out was 
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identified as benzilic acid. The total amount of benzilic acid 
estimated by extrapolation for the entire solution Ag was 0,18g; 
10 % . 

CO 2 was estimated as described earlier. It was found to 
be in 88% yield. 


9 . Reac tion of potassi u m sal t of be nzilic acid, ( 0 ,00 5 

with S NPr (0 .005 mol; 0.89q) und er oxyge n at mosp.here__in_dry 
DMF at r eflux temp e rature , 

Reaction was carried out in a manner similar to that 
described above for reaction 8, excepting tnat instead of providing 
nitrogen atmospnere an oxygen atmosphere was created ana the molar 
ratio of the two reactants were different. Analysis or the react- 
ion mixture carried out as described for run 8 gave the following 
yields of different products: 

Benzophenone - 0»82g; 45% 

Succinimide - 0.43g; 48% 

Benzilic acid - 0.82g; 45% 

C0 2 - 45%. 

Format j on of Br 0 was noticed in this reaction also. 


10. Reaction of po t assium salt of benz ilic, acidjtOjOOS. m ol ; 1. 83 a ) , 

with SNBr (0.005 mo l; 0.89g) in ary.DM Fjmedium unaor^nitxogen 
a tmosphere with a 15 0 -W bulb pl aced t ft. away and stirring,, 
for 12 h . 

Reaction was carried out in a similar manner as described 
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for run 7 excepting that the contents of the reaction flask were 
not heated but a 150-W bulb was illuminated from a distance of 
1 ft. and stirring at room temperature was continued for 12 h» 
Workup of the reaction mixture and product analysis as usual 
indicated the following yields of the products : 

Benzopnenone - Q.llg; 6% 

Benzhydryl alcohol - 8% (by G.L.C.) 

Succinimide - Q*41g; 46% 

Benzilic acid - l,48g; 81% 

CC>2 — 12%. 

Presence of Br 2 as a product was also detected as in the 
usual manner. 

1 1 » Rea ction Of potassium salt of benzilic a cid ( Q . 0 0 5 mo 1 j ... 1 »_Q.3c[). 
with SNBr (0.01 mol; 1. 78g) under nitrogen atmospher e, in dry. 
DMF_ at_ r eflux temperatu re f or 6 h . 

The reaction was carried out as in the run 8 excepting that 
the reaction time was increased to 6 h* Product analysis as tisual 
indicated the yields of the products to be as follows: 

Benzophenone - l,59g? 87% 

Succinimide - l,60g; 90% 

CO^ ~ 89%. 

Test for tne presence of Br 2 in tne reaction mixture was 


found to be positive 
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i 2 . Reaction o f potas sium salt of benzilic a cid (0.005 mol; 1.83q) 
witn SK'B r (0,01 mo l ; l t 78g)_ under n it rogen a tmo spnere and . wi th 
stir rin g at roo m temp erat ure for 12 n . 

Potassium salt of benzilic acid (1.83g; 0,005 mol) and 
SMBr (l,78g; 0,01 mol) taken in 60 ml of dry BMP were stirred at 
room temperature under nitrogen atmosphere for 12 h, No evolution 
of gas (CO^) Was observed, Analysis of the reaction mixture in 
the usual way showed that no reaction had occurred at all. 

13 . Reac tion of p ot as sium salt of gl ycol ic_ ac id^ (0,0 05 mol; 0 . 57g) 
with SN'Dr (0,0 1 mol; 1.78q) und er ni tr ogen atm osphe re in the 
presen ce of 0_. 01 mol c umene and dr y DMF medium at ref lux 
t empera ture for l -nr h , 

In a 3-neckea RB flask was placed 0,57g (0,005 mol) of 
potassium salt of glycolic acid/ 0.01 mol cumene and 30 ml of dry 
DMF, 1 it rogen was passed into the RB flask mounted over a magnetic 
stirring base as fitted wJ th other usual experimental assembly. 

Tne contents were heated in an oil bath as mentioned for earlier 
experiments and SNBr (1.78g) dissolved in 30 ml of dry DMF added 
to the flask. Heating was continued and reaction allowed to 
continue for 1 h. Gas evolved during tne reaction was trapped in 
tne baryta solution as before. Tne workup of the reaction mixture 
and product analysis as described for run 4 indicated tne following 
yields . 



Formaldehyde - O.lOg; 18% 

Methanol - 56% (by G.L.C.) 

Succinxmide - 1.42g; 80% 

Glycolic acid- 0.07g, 13% 

C0 2 - 78% 

Presence of Br^ formed as a product was also confirmed by 
tne method described earlier. 

14 * Re action o f potassium s a lt of glycol ic acid ( 0,005 mol / 0 . 57g) 

with SNBr (0,005 mol; 0, 89q) under nitrogen atmospher e_in__the 
p re se nce o f 0.01 mol c umene m dry D H F medi u m at^j^XVu? 
temper atu re for 1 h , 

The reaction was carried out as m tne case of run 13 
excepting that the molar ratio of potassium salt of glycolic acid 
and SNBr was 1:1. Product analysis as descnoed for run 3 indi- 
cated the following yields of various products: 

Metnanol - 41% 

ouccinimide - 0,41g; 4 QA 

Glycolic acid - 0.26g; 4 6% 

C0 2 - 48%. 

It was qualitatively verified that Br 2 was also formed as 


one of the products , 
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15* Reaction^ of_ potas si um salt of be nzil ic acid (0.005 mol ; 1.33g) 

Jii! th_P~Nitipben 2 en ediaz o nlum fluoroborat e (0 >005 mol; l,l85g ) 

yPSfep. nit rogen atmos ph e re In dry DMF at ro om temp. (30°) f or Inr . 

In a 3 -necked RB flask mounted on a magnetic stirring base 
and fitted with a Js^ 9 as inlet/ a dropping funnel and a condenser 
connected to a gas collector througn a C0 2 gas trapping conical 
flask containing standard baryta solution was placed 1.83g (0,005 
mol) of sodium salt of benzilic acid dissolved in 30 ml of dry DMF . 
The system was flushed with pure, dry nitrogen gas to provide 
initial nitrogen atmosphere inside the reaction flask. On tne 
addition of p-nitrobenzenediazonium fluoroborate (0.005 mol) 
contained in 30 ml of dry DMF tnrougn tne dropping funnel to tne 
contents of the reaction flask under stirring, evolution of gases 
started instantaneously and continued for about 30 min. The gases 
consisting of a mixture of CO^ and were passed tnrough the 

baryta solution wnlch absorbed carbon dioxide and let the nitrogen 
pass through to tne gas collector. After stirring for a total 
period of 1 h, tne reaction mixture was poured into ice cold water. 
The mixture was made alkaline by tne addition of NaOH flakes and 
thereafter extracted with ether. Tne ethereal layer was separated, 
washed with water, dried ard concentrated by the evaporation of the 
solvent. The concentrate on GLC analysis indicated that nitro- 
benzene (l&A) was formed in the reaction. TLC indicated the 
presence of benzophenone in the concentrate, Benzophenone was 
isolated by means of chromatography over silica gel column. Tne 
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yieJ d of benzophenone was found to bo 21’4 of -che theoretical. 

The aqueous layer remaining after extraction with ether was then 
made acidic when a white precipitate of benzilic acid separated 
out. Tnis precipitate was washed with water/ dried and weigned 
for the determination of the yield wnich was found to be 4£S/° of 
the theoretical. The yields of CC> 2 and r» 2 gases evolved were 
computed to be 46% and 80%, respectively, 

1 6 , Reaction_ of po tassium s a lt of benz ilic aci d (0 . 005 _ m ol; — l,..83c[) 

with p~n itr obenz epediazonium fluor o borate (0. 01 _mol/ 2.37_Qq) 

under nitrogen atmosphere in dry PMF a t room te mper atu re — (J30__)_ 
f or 1 hr . 

Tnis reaction was performed using 0.01 mol of p-nitro- 
benzenediazonium fluoroborate and 0.005 mol o c the potassium salt 
of benzilic acid under otherwise similar conditions to tnose 
employed for the above mentioned reaction 15. Workup and analysis 
of the reaction mixture in the same way indicated that no benzilic 
acid was present among the products, 'Tne yields or tne other 
products was found to be as follows : 

nitrobenzene - 85% 

Benzophenone - 80% 

CO ^ Q&S - 84% 

n 2 gas 


89% 
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CHAPTER- IV 

REDUCTION OF PRIMARY 3ENZYLIC 
HALIDES WITH SODIUM NAPHTHALENE 


IV « 1 Abstract. 

Reactions of sodium naphtnalene witn equimolar quantities 
of benzyl chloride, p~nitrobenzyl bromide, 1-cnloromethyl napntna- 
lene, 9-chloromethyl anthracene in THF at temperatures ranging 
from -10° to 0°C under nitrogen atmosphere have been examined with 
a view to elucidating their mechanisms. While initial generation 
of free radical j ntermediates as a consequence of electron trans- 
fer is believed to occur in all tne reactions, caroanions produced 
by subsequent reduction of radicals (by electron transfer) are 
also found to intervene. Altnougn sodium naphthalene is capable 
Of acting both as an electron donor (reducing agent) and as a base, 
the latter role of this reagent is evident only m its reaction 
With p-nitrobenzyl bromide containing fairly acidic benzyl ic 
protons* Carbanion intermediates have been trapped in tne form 
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of tne corresponding Grignard reagents using jylgBr 0 m tne reactions 
or benzyl cnloride and 9-cnlorometnylantnracene , A process/ 
involving a carbone intermediate/ occurring simultaneously witn 
tnose involving radical and carbanion intermediates has been 
proposed in the case of p-nitrobenzyl bromide. Appropriate 
mechanistic steps rationalising tne relevant observations have 
been outlined. 

Iv . 2 ln tr oduct ion 

1-3 

Alkali metals are known to reduce aromatic hydrocarbons 

4 

producing radical anions. For example/ reduction of naphthalene 
with sodium yields sodium naphthalene (Eqn.l) . 



These radical -anions can eitner act as strong bases and abstract 
protons from weakly acidic substrates or as single electron donors 
to appropriate substrates. 

Reactions of alkyl halides with aromatic radical-anions 

5-7 

nave been throughly investigated and reviewed. Tne general 

mechanism of these reactions is outlined in Scneme IV, 1. 
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S CHjSME _ XV jjJ. 


D "y A tH x ^ . A3CH v -. r _— "• RX x 

R x 7 R ? ArHR ^ ArlR, 


ArH 


\l 

R-H <§SL R; 


R-X 
■SB 


R-H 4 2R* R-p (or RH + olefin) 


Alkylation ox aromatic nuclei proceeds via the coupling of alkyl 
radicals Witn aromatic radical-anions. For example, reaction of 
sodium naphthalene with R-X first produces anion (X) whicn, by a 
subsequent S^2 displacement on the alkyl nalide gives 
dialkylates 8 ' 8 (il) , 



(I) 


(II) 
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Peductive dehalogenation of organic nalides with sodium 

i J 

naphthalene (Naph) Na ' has been a subject of considerable 

discussion, 6 ' k’" 18 f or more than ten years. A large number of 

reports concerning the reduction of aryl nalides have appeared in 

IQ-99 

the literature ; ' but tne first detailed mechanism was 

reported by Cheng, Headley and Halasa, 14 These authors on, the 
basis of tneir experimental evidence, concluded that the product 
distribution given in Scneme XV. 2 can be explained by a radical 
mechanism as out lined in Scheme IV, 3, 


SC HEME IV. 2 



(Ph) 2 

6-9% (where, X=Cl,Br,l). 
17% (where, X=P) 



SC HEME IV . 3 

Paph + PhX ^ Ph + X + Naphthalene 

Ph* + THF ^ Ph-H + (THF) ' 

Ph-Ph 


. .. ( 2 ) 
... (3) 

... (4) 


2 Ph 


Scheme TV,3(oonta ’i 



184 


Ph* + Ph-H 



Ph* + Ph-Ph > — 


Ph * 

> Pn-Pn + Ph-H 

Ph 



(5) 

( 6 ) 


Ph* + Naphthalene — 



Ph + Ph— H 


(7) 


Similar radical mechanism has been proposed by fiitn and Ho 20 to 
explain their observations in the reaction of benzalauiline with 
sodium naphthalene (Eqn.8) . 


CH=sNP h PnGH=NPh + PhCH* 

/MG | J 

MeO-CH^ PhHH NHPh + 

X Me 

CH-J\HPh 
C (Me) 2 OMe 

Reaction of o-chlorobenz,alaniline witn sodium naphthalene also 
appears to proceed in the same way. 

Of various reactions of alkyl halides, reductive dimeri- 
zation is the least understood: 

2 R-X — £ R-R i- 2 X- 
23 24 

Doth radicals and anions are proposed as intermediates in the 
formation of dimers . The most acceptable expla^ in for the 
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rapid rate of alkyl dimer formation is the coupling of geminate 
24 

radical pairs as shown ln(Eqn,9). 


R”Na + + R~X 


-*» 


[rMV, FaxQ - 


A R-R 


...(9) 


In this respect/ tne above reaction is parallel to that of alkyl 
lithiums with alkyl nalides (Eqn.10): 


(R~Li 4 ) n 



/Li + x“', (R“Li + ) 



£ R-R' 


( 10 ) 


The radical pairs generated by electron transfer from alkyl lithium 
to the alley 1 halide in solvent cage/ may couple/ disproportionate 
or diffuse apart. Tne intermediate radicals formed m this 
reaction have been trapped 2 ^ and detected by means of ESR spectro- 
scopy. 26 ' 27 Dimerization has also been observed in tne reduction 

28 


of alkyl halides with metal complexes 
also reduced by alkali metal naphthalenes . 


Cyciopropyl nalides are 
29 


Sargent^ has studied the reactions of sodium naphthalene 
with halobenzenes and suggested an alternative mecnanism involving 
aryl anions as effective intermediates as shown in Scneme IV. 4. 



1-36 


SCHEME IV ,4 


Maph -t Ph~X ^ Ph* + X~ + Napntnalene 


... ( 11 ) 


Pn* -f Paph” 



1 1 ' ^ Pnenyl 

napnthalenes 


( 12 ) 


Ph + Nap at nalene 


Ph~ -1- THF ^ Ph-H + CH 2=0-309 2 -CH 2 0" 



•> Ph-Ph + X" 


. . . (13) 


(14) 


13 

Singh and Kumar have also presented evidence in favor of tne 
existence of aryl anions in the reactions of chloroaromata.cs with 
sodium naphthalene , 

That radicals and anions are probable intermediates' 1 ' ' a 
in tpe reactions ot sodium naphtnalene with 5-nexenyl halides, nas 
been supported by the production of both metnyl cyclopentane and 
hex-l~ene where cyclization of 5-hexenyl radicals competes with 
their reduction to anions as illistrated in Scneme IV* 5. 
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Radicals are found to be the intermediates m tne reaction 
o£ triphenyls tlyl halides with sodium napntnalene 3 ® , Garst and 
coworkers have proposed tne occurrence of anion intermediates in 
the reactions of oc v tP-dihaloalkanes , ' ' Tne mecnanism suggested 

by these workers is outlined in dcneme IV. 6. 


X 


Napn"*Pci 

R~k } R’ 


oCr lSMB I V. 6 



olefin 



Radical collaose 
products 
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The reaction oE 1/4- and 1/ 5-dihaloalkanes gives mostly 

cycloalkanes/ olefins and alkylated naphthalenes; but, no dimeric 

or polymeric residues of dihaloalkenes are obtained. 24b This 

is in conformity with tne idea that initially formed alkyl radicals 

do not couple, but react with an additional molar equivalent of 

sodium naphthalene to give alkyl anions and alkylated napnthalene 

anions. However, 1, 6-dihaloalkanes, unlike 1,4- and 1,5-dinalo- 

alkanes, react with sodium naphthalene to give significant amounts 

of dimeric products in addition to the four monomeric reduction 
31 

products. Intermediacy of anions nas been furtner supported 

19 3 2 

with the help of CIDNP studies using F probe. 

Dehal ogenatlon of vic -dinalides by sodium napnthalene to 

9 33 3 6 

give olefins has also been observed, ' ~~ Stereospecific 

de ha loge nation of the vie - dinalides snown in Scheme IV, 7 nas 

1 6 

been reported by W , Adam and J , Arce . 

Although tne reactions of purely alkyl nalides as well as 

aryl halides with sodium naphthalene have been examined in details, 

there are very few reports on the sodium naphtnalene reductions 

17 

of benzylic halides. Bank and Bank have provided evidence in 

favour of anion intermediates in tne reaction of benzyl chloride 

* 

with Naph"". Benzyltrimethyl silane was obtained when sodium 
naphthalene in THF was added to a pre-mixed solution of benzyl- 
phloride and trimetnylsilyl chloride as snown in Scneme IV. 8. 



Rr 


SCHEME IV. 7 



SCHEME IV . 8 
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Reduction ot p-tluorobanzyl cnloride witn Faph” forms an 
intermediate whicn has been assumed by Rales nys to be consistent 

with the coll js 1 onal pair (l\/) of p~fluorobenzyl radical and 
naphthalene radical -anion 



A novel electron transfer mechanism has been suggested by 
37 

Singh and coworkers for the reduction of benzylic nalides witn 
various reagents like lithium aluminium hydride (LAH) , sodium 
dithionlte, Grignard reagents and Fe(ll). Tne mechanism proposed 1 
by tnem tor tne reduction using sodiumdith ionite is outlined in 
Scheme iv,9. 


SCHEM E XV ,9 




1 55-1601 2 so 


(see also ref*38) 


Scheme IV,9(contd.) 
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t> che me IV, 9 ( ccntd . ) 
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Singh and co workers have also found that tne reactions of 
benzylic halides with lithium aluminium nydnde (LAH) follow tne 
mecnanism Illustrated in Scneme 17.10. 


S CHEME IV. 10 

Ar-CH ( R) -X H AlH 4 ~ — •— ) [ Ar-CH ( R) -x] *" h | Hg ! AIH 3 ♦ .( 15) 

(v r Xl) (VIII) 

[ Ar-CH ( R) “Xj ~ ? Ar-'CH-R I- x" ..(16) 

(VIII) (IX) 

Scneme IV . 10 (contd, ) 
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Scheme^ IV . 10J contjd, 

2 Ar-'CH-R Ar-CH(R) -ChU) -Ar ... (17) 

(IX) (X) 

Ar- * CH-R + Al-I 4 " > ^r-a-I 2 -R + Al:-I 3 “ ... (18) 

(XI) 

Ar-CH(R) -X + a 1H 3 " Al.! 3 ... (15) 

According to the autnors, radical-anion (VIII)/ after formation/ 

dissociates to give the free radical (IX) Cfiqn.16). Tne benzylic 

radicals (IX) are known to prefer dimerization as snown in(eqn,17) 

39 

ratner tnan nydrogen abstraction from tne solvent THF, Quantity 
of hydrogen gas evolved is an accordance witn (eqn. l5)on one nand 
and tne formation of substantial amounts of (XI) on tne other 
makes tne occurrence of nydrogen atom abstraction process represen- 
ted by (eqn . 18) obvious . Abstraction or a hydrogen atom by radical 
species from AlH^ is precedented. ^ ^ Besides producing mono- 
meric reduction product (XI)/ (eqn . 18) generates tne radical anion 
AlH-j - " which competes with AlH^ in donating an electron to the 
starting organic halide. Combination of(egns. 15-19) accounts for 
the involvement of only one out of the four hydrogens available 

in AIM." in the reduction process. But tne consumption of signi- 
4 

f leant ly more than 50 percent of (VII) using only half tne molar 
equivalent of LArf and similarly/ significantly more tnan 25 percent 
Of (VII) using only one-fourtn molar equivalent of the reducing 
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agent indicated tne utilization of the remaining hydrogens of ,,1H 2 
in these cases . 


Intervention of free radicals similarly/ has been demons- 
trated in reactions of LAH witn Z-2~cnlorost±lbene by tne same 
37 

authors , 


Kornblum and coworkers have shown tnat tne reactions of 
benzyl halides with salts of nit ropa raff ins give good yields of 
benzaldehyde whether the leaving group is chlorine, bromine or 
iodine , 


PhCH 2 X H Li + [Me 2 CN0 2 ]“ PhCH 2 OM=CMe 2 + LiX 

0 " 


+ 

PhCH 2 OPt=CMe 2 ^ PhCHO Me 2 C=N0H 

0 


* ♦ > 


( 20 ) 


. , . ( 21 ) 


The nucleophilic anions of nitroparaffins are potentially ambident 
in character; being resonance-hybrids between suen forms as (XII) 
and (XIII) given below. These mignt attack tne substrate tnrough 
tne oxygen end or carbon end, 

4 * 

Me-ON-0” <* > Me o c-N-0 

2 * - 2 u 

0 0 

(XII) (XIII) 


The latter type of reaction resulting in carbon alkylation may in 
certain cases become dominant, especially for the reactions involv- 
ing attack on the o- or p-nitrobenzyl cnlorides, In the example 
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represented by(eqn. 22), tne yield of tne carbon alkylation product 

P '“ 0 2 NG 6'' i 4 CH 2 Cl + L i + [We 2 CK0 2 ]‘* --b> p-0 2 NC 6 H 4 CH 2 CMe 2 M0 2 + LaCl 

... ( 22 ) 

was 9 2 percent in dimethylfoxmamide medium. 

It was shown by using electron spin resonance spectroscopy 
that a solution of the litnium salt of 2-nit ropropane in dimethyl- 
formamlde converts other ritro-compouncs into detectable amounts 
of their radical -an ions by a single electron-transfer process. 

It was also observed tnat tne inclusion of modest proportions of 
otherwise inert nitro-compounds in tne mediuin in wmcn p-nitro- 
benzyl chloride was reacting with the litnium salt of 2-nitro- 
propane, diverted tne product of reaction mainly to that of 
C-alkylatlon . 

In tne reduction of organic nalides witn metal ions or 
metal complexes/ it is observed tnat variation in mecnanistic path- 
ways often occur with a cnange in tne metal reagent; but tne 
mechanistic differences are more due to tne structure of tne organic 
nalide/ tnan to the metal itself. however, only minor differences 
in energetics are responsible for separating the mecnanisms and 
more extensive studies are required before any general mecnanistic 
pattern can be developed with regard to the properties of tne 


metal reductants . 
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3 V 

Singh and IChurana nave examined tne behaviour of Fe(Il) 
and Co (II) compounds witn benzylic halides, in DMF medium* Based 
on the product analysis, they have concluded that under conditions 
employed, DMF also intervenes in the reaction bringing about 
nucleophilic displacement of halogen by 3^.2 type attack on 4-nitro~ 
benzyl bromide and S^l type attack on otner halides viz* 9-bromo- 

fluorene, benzhydryl chloride and trityl chloride, tnrough its 
oxygen atom. 

Dimetny lamination takes place wnen the benzylic radicals 
reacts with dmf as shown below: 



Cobalt (IX) influences the course of these reactions by acting as 
an electron donor to the halide via outer sphere electron transfer 
'process, Iron(II) behaves similarly with 4-nitrobenzyl bromide; 
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but. preferentially forms ar organo-iron complex with otner halides 
via oxidative addition involving a 3 -centre/ concerted, frontside 
nucleophilic displacemenb mecnanism. The unstable organo-iron 
complex produces dimeric products by a facile, concerted orbital 
symmetry allowed process. 

The benzylic halides examined by tnese workers reacted 
substantially only at reflux temperatures giving benzylic alcohols 
(sometimes accompanied by the corresponding caroonyl compounds) 
and benzylic dimethyl amines. For reactions occurring in the 
absence of Fe(ll) and Co(ii), it is concievable tnat DMF acts as 
an ambident nucleophile. The mecnanism suggested by these workers 
is illustrated in Scheme IV, 11, 


SCHEME IV. 11 



a 


Ar-CH-X + » 0==CH~NMe 0 
R u 


=NMe, 


y Ar-CH-o-CH=br^ 2 

R i>i 

(XIV) 


jFqjpTiation of a le oho Is f rom (XIV.), 


(N+ 

Ar-CH-S-CH=MMe „ 
| ' l 

R 


/T' 2 

1 W 


> Ar-CH-^-CH-NMe ,, 

\ — { 


) - \ 

R X 


Ar-CH~ * 01 + Me 2 N- CriX j^ans f e r 

k 1 


CH x [ Ar-CH- *6’/, Me 

transfer L t »* * - 1 


Ho C 


3 V, 


n-cho 


ion pair 


h 3 c- 


Ar~CH~OH + 

i ~ 

R 




H 3 c 




N-CHO 


Scheme IV. ll(contd.) 
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Scheme IV,ll(contd.) 

Formation of the carbonyl compounds from (XIV) 


Ar-CH-O' 

R 


+ 

•CH=NMe , 
\ X t 


DMF 


-> 


r/ '-h 


v + 
VCH=NMe 

r 


(XIV) 


transition state 


^0 a/ + 

Ar-C ^ -i H C=NHe 
i l 

R 


Electron transfer reduction of organic halides nas been 
affected by powerful reagents sucn as alkali naphtnalenes , lithium 
benzophenone ketyl and dicarbanions etc. ^ a ' ~ >C/ ^ ^ to give 
radical anions which cleave to produce radicals (Sqn.23). 

RX — — ^ PX~ } R* + X“ ... (23) 


These radicals or anions formed by their reduction may 
serve as the immediate precursors of the products. However/ it 
has been observed^ that the reaction of the secondary and tertiary 
benzyl 1c halides viz, benzhydryl chloride and tnlyl chloride occur 
via radical intermediates witnout any significant intervention of 
carbanions , 

Since the possibilities of the existence of both radical 
and carbanionic intermediates in the sodium naphthalene reduction 
of purely alkyl nalides and aryl halides have been indicated and 
also proved in some cases reported in the literature, we decided 
to examine the mechanistic details of the reactions of a few 
'primary benzyl ic halides with sodium naphthalene. 
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XV # 3 Results a nd Discuss ion 

4 

The roles of napntnalene radical-anion (Naph~) as a reducing 
agent (by donating an electron) and as a base have been reported 
in the literature. 8 '"' 1 ' 3 

Our studies on four different primary benzylic nalides show 

« 

that in the case of p-nitrobenzyl bromide/ Naph acts both as an 
electron donor and as a base in two simultaneously occurring patn- 
ways but reacts only as a reducing agent with benzyl chloride/ 
l-chlorometnyl naphthalene and 9-chlorometnyl anthracene. Eacn 
of the these halides (0,01 mol) was reacted witn an equimolar ratio 
of sodium naphthalene in THF at temperatures ranging from -10° to 
0°C under pure/ dry nitrogen atmosphere. Tne reactions were 
complete immediately after mixing tne two reactants but were 
workedup after stirring for 15 min. The product distribution is 
given in Table IV, 1. 1 


TABLE IV. 1; Product distribution in the reactions of primary 

benzylic halides ( Ar-CH 0 -X) a with equimolar quantities 
of sodium naphthalene (Na'NaplO in THF under N 2 
atmosphere (temp, range, -10° to 0°c) 


I 

Run Ar-CH 2 ~X 1 

0.01 mole ! ArCH, 


% yield of products 


-CH 2 Ar ArCH 3 


ArCH=CHAr 


1, 4-Dihydro- 
naphthalene 


Naphtha* 

lene 


1 

i(i) b 

12 

11 


- 

98 

2 

l(ii) c 

* s*. 

53 

15 

20 

19 

80 


Table IV . 1 ( contd , ) 
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Run 


Ar-CH 2 -X 
0.01 mole 






% yield of products 


ArCH.-CH-Ar ArCH- ArCH=CHAr 


1/ 4-Dinydro- 
naphthalene 


Naphtha- 

lene 


3 

lUi) G/d 

59 

19 

19 

80 

4 

1 (ii i). 

81 

9 

- 

96 

5 

lUv! b 

80 

9 

- 

98 

6 

l(iv) d 

80 

10 

- 

98 

a P rimary benzylic 

halides 

(Ar-Cdg""^) used were. 

UxU 

Ar=Pnenyl 


•X=Cl ; 1 (11) : Ar=p-Nitrophenyl/ X=Br; 1 ( i ll) ; Ar=l~hapntnyl, 
X=Cl and 1 ( iv) : Ar-9~Anthryl/ X-Cl. 


D In a separate run witn tne compound l(i)_/ benzyl caroanion was 
trapped; similarly/ witn compound l(iy2/ 9-Antnrylmethyl carbanion 
was trapped. 


G Xn run 2, and run 3 y 8% and 15/o respectively of cne starting 
material l(li) was recovered uncnanged, 

d Run 3 and run 6 are tne reactions of 1 ( ii) and l(iv)/ respectivelv 
conducted in tne presence of an excess of cvclohexene. 
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It Is evident tnat in each of these reactions, tne nalide 
ArCHgX gave a dimer corresponding to ArCHg-C-lgAr as the major 
product. In addition/ the denalogenated products corresponding 
to Ar-CH were also obtained. In the case of p-ni trobenzyl 
bromide/ 4, 4 1 -dinltrostilbene (20%) was obtained along with 1/4- 
dihydronaphthalene (19%) in addition to other products mentioned 
above . 

The concievable pathways, taking tne electron donating 
property of Faph" into account and leading to the formation or tne 
usual products ArCH^ and ArCHg-CHgAr, may be visualized as illus- 
trated in Scheme IV. 12. 



. . , (24) 



r - 1 — > ArCH 3 

... (25) 

ArCHg — - ( 

/ AriH ? 

ArCH g-CHg-Ar 

\ 

...(26) 


\ Fapn* • « - 

\ ^ ArCH g 

... (27) 


Scheme IV. 12(contd.) 
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£ c meme XV. 1 2 (con td. )_ 


r 


THF 


ArCH 2 *- 


ArCH 2 -X 


-> ArCH- 


’Displacement” >rO M 2 ~CH 2 ~Ar 

arCH-A 

A. v ArC'-f „ + *CH Ar + X 

Electron Transfer ' ! * 


\y 

ArCri 2 ~CH 2 Ar 


. .. (23) 

. .. (29) 

... (30) 


Tne first step involves an electron transfer from Napn“ to 
the organic halide and results m the formation of a free-radical 
via tne radj cal-anlon of the organic halide, Tnis step has found 
general acceptance for a variety of organic halides. Tne radical 
ArCH 2 may either combine with sodium napntnalene to give alkylated 
naphtnalene derivatives or abstract nydrogen atom from the solvent 
(THF) to give ArCH^ (Eqn.25) or undergo coupling to produce tne 

JL * • 

dimer ArCH 2 CH 2 Ar (Eqn.26) or get reduced by Maph“ to the ArCH 2 "’ an jon 
(Bqn. 27 ) . 

Radicals formed in the presence of an aromatic radical- 

anion viz., Naph~ are expected to be reduced to carbantons faster 

11 

than they can couple to form dirners . Also, resonance stablized 
benzilic radicals have been found to undergo coupling to dimers 
(via Eqn. 26) or reduction (via, Eqn. 27) faster tnan atom transfer 

from the solvent. Thus, the relative effeciency of tne steps 

* 

accounting for the consumption of radicals ArCH 2 produced in eqn, 24 
is expected to be in tne order of the eqns: 27 >26 >25, 
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Direct proof for tne intervention of ceroanions in tne 

i 

Naph reductions of benzyl chloride and 9-cnlorometnylantnracene 

48 

was obtained by using anion trapping technique of Bank and Bank 
as illus bred by means of the reaction of 9-chloromethylanthracene 
in( Egn, 31) , 



(31) 


11 

In a report on the reaction between equimolar quantities 

of sodium naphthalene and benznyaryl trimetnyl ammonium iodide in 

THF medium, diphenyl methyl carbanion intermediate has been 

proposed but no evidence in rhe support of the proposal has been 

47 

recorded, 2ieig)er et al, have reported tne intermediacy of 
radicals In the reaction of benznyaryl chloride whicn is a 
secondary benzylic halide. 


The anion trapping experiment attempted by us in the case 
of p-nltrobenzyl bromide could not lead us to any conclusion owing 
to tne unexpected polymerization. Based on tne results of 
Rakshys and our own results, it is reasonable to assume tnat 
p-nitrobenzyl carbanion mignt be easily formed in our experiment 
by the one electron reduction of the p-nitrobenzyl radical. This 
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may also explain why m runs 2 and 3 small amounts of tne starting 
halides were recovered un reacted inspite of tne consumption of tne 
entire quantities of tne sodium napntnalene. 

♦ * ^ 5 

On tneir formation, carbanion rCH^ may abstract a proton 
(Bqn.28), undergo nucleophilic displacement reaction wJtn tne 

starting nalide (Eqn.29) or reduce the haJ ide after tne dis* 

* 

appearance of Naph by an electron transfer process to produce 
radicals (Eqn,30) which may yield tne final reduction products, 

VJnile tne displacement process (Eqn.29) mignt be occurring 

to some extent when carbanions are produced, under our experimental 

conditions, oxidation of tne carbanions by tne nalides to radicals 

(Eqn.30) constitutes a major component in the over-all mecnanism. 

Additional independent experimental evidence tnat electron transfer 

from carbanions to alkyl nalides produces radicals wnicn collapse 

to give the reduction products has been presented in tne literature. 

Russell A identified radicals by E3R spectroscopy m tne reactions 

49 

of organolithium compounds witn alkyl halides and Lawler and Ward 

50 

as well as Lapley and Landan proved the presence of radicals 

employing anemically induced dynamic nuclear polarization tecnraique 

5b 

(CIDNP) , Garst and Jarbas, have concluded from tneir studies on 
Of ,(j 0 -dihaloalkanes tnat cyclized or dimeric products have alkyl 
sodium precursors wnicn via an electron transfer give diradicals 

39 

before collapsing to the products (cf, Scneme IV. 6). Our results 
have also proved tne intermediacy of radicals in the reactions of 
Grignard reagents with benzylic halides. 
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altnougn formation ot dimer ArCH 2 Ar as well as tne 
denalogenated product ArCi-U tabes place for the most part/ via 
radicals derived from tne anions (Eqn.30) xn cne reactions of 
oenzyl cnloride and 9-chlorometnyl anthracene/ tne re is evidence 
tnat small amounts of tnese products are derived from initially 
formed radicals (Eqn.24). Tnus, while formation of 
and ArCH 3 is considerably suppressed by tne anion trapping agent, 
these products are not completely eliminated under tne conditions 
of anion trapping experiments . 


While nearly one equivalent of naphtnalene was separated 
from tne products of tne reactions of benzyl cnloride, l~cnloro~ 
methylnaphthalene and 9-cnloroetnylantnracene, as expected on the 
basis of Naph~ acting exclusively as an electron donor, only 


80 percent of tne tneortical amount of naphthalene could be 
isolated from tne reactions involving p-nitrobenzylbromide ; the 
remaining quantity of naphthalene being isolated as 1, 4-dihydro- 
naphthalene , Tne formation of 1,4-dinydronaphthalene was coupled 
witn tne apixaarance of equivalent quantity of p,p* -dmitrostilbene . 
Existence of anotner important mechanistic component besides 


electron transfer reaction is, tneretore, expected. This component 

of mecnanism must initially involve abstraction of the c -protons 

* 

(which are more acidic) by Naph as snown in Eqn.3 2. 




...( 32 ) 


(XV) 


(XVI) 
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Radical (AVI) may abstract a hydrogen atom from THP to 
produce l,4~dinydronapntnalene, while tne c -halocarbanion (XV) may 
follow two concievably different patnways as outlined in Seoemes 
IV, 13 and XV. 14, respectively. 


SCHEME IV. 13 


T he car b ene pathway 


Ar-CH-X 


-> Ar-C-H + X 


... (33) 


Ar~OH 



-y ai -CH=CH-Ar 


... (34) 


^ /.r-C-'i-Ar ) ArCH=CH~Ar 

A §/ ... (3 5' 


S CHEME IV. 14 


x ne b i mo lecule r_dj splaceinen t o eth ,| 'Jav 


N 


* fl/ 


H B 

• , * I \ 

Ar-CH + Ar-cv -x -■ > Ar-C-C-Ar h X 

* I I 

X H 


... (36) 
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In order to distinguisn between cne two possibilities 
visualized in Scneme IV. 13 and IV. 14, reactions o£ p-nitrobenzyl 
bromide was conducted in tne presence of a ten-rold excess of 
cyclohexene/ when the formation of p,p 1 -dmitrostilbene was 
completely suppressed, Anotner significant feature of this 
reaction in tne presence of cyclonexene was tnat wmte unreacted 
halide was recovered to tne extent of 15%, tne yields of cne 
corresponding reduction products ArC-]^ and ArCH^-CH^Ar registered 
an increase. 

If the steps given in Scneme IV. 14 were responsjble for the 

formation of p,p' -dinitrostilbene, cyclohexene could do not-inc to 

* 

stop their formation unless it changed tne role ot Naph"" (as a 
base) an(eqn.37) to that of an electron donating agent in which 
case/ formation of p,p ' -dinitrosta Ibene could be visualized as 
shown in dcneme IV. 15. 


H 


I I 

Ar-C-C-Ar f- Naph 

I l 

X ri 


SCHSME IV. 15 

- Electron Transfer. 




-1 H 

t I 

Ar-(p-C~Ar 
X H 


H H 

I \ 

Ar~CrrC~Ar 

' J di 


-X 


~> 


-H* 




V> 


r~ — 

H H 

I I 

Ar-C-C-Ar 

I I 

- x --' a 



h :-i 

» I 

Ar-C~<p-Ar 

H 


... (39) 


Ar-CH=CH~Ar 


« « « 


(40) 
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However, any action of cyclohexene towards cnanging tne 
role of sodium naphtnalene from that of a base to an electron 
donor leading to tne reactions of Scheme XV. 15 is mghly unlikely. 
It is, therefore, concluded that tne pathway illustrated in 
Scneme IV, 13 represents the mecnanism of tne formation of p,p'- 
dinitrostilbene , 

The intervention of cyclohexene in run 3 may take place 

either by carbene addition to the olefinic double bond (Eqn.41) 

or by means of a hydrogen atom transfer from cyclonexene to the 
51 

carbene (£qn.42) . 



While the reaction represented by (Eqn, 41) presumably removes 
a part of the carbene (in tne form of cyclohexene addition product) 
which acted as precursor of the product ArCH=CriAr, tne reaction 
illustrated by (Eqn. 42) produces more benzylic radicals wnich could 
dimerise to increase the yield of ArCH^CH^-Ar and also abstract 
hydrogen atoms from the medium adding to tne yield of ArCHg . This 
is in accordance with our results, As no carbene intermediate is 
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involved in the reaction of 9-cnlorometnyla^thracene, cyclohexene 
is found not to exert any influence on tne distribution of products 
in tnis case (compare run 6 with run 5) . Tne mecnanism followed 
m tne reactions of benzyl cnloride and 1-chlorometnyl naphthalene 
is the same as tnat discussed for 9-cnIorometnylantnracene , 

IV x 4 Experimental 

^11 the melting points were recorded on a MSL-TEMP melting 
point apparatus. Infrared spectra were obtained on a Perkin-Slmer 
model 521 spectrophotometer. Known compounds were cnaracterised 
by comparison of tneir IR spectra and TLC with tnose of tne 
authentic samples, the maxed melting point teennigue and by elemen- 
tal analysis. Literature melting points are taken from “Handbook 
of Chemistry and. Physics’ 1 , 50th editon, R.C. Weast (ed.) published 
by the Chemical Rubber Company, Cleaveland, Ohio, unless specified 
otherwise. Column enromatograpny was done over activated silica- 
gel (100-200M) ♦ “Silica-gel (asc-India) was used for TLC analysis. 

Tetrahydrofuran (THP) was purified by keeping it over 
potassium hydroxide pellets overnight, refluxing over sodium for 
5-6 h and then distilling over sodium followed by distillation 
over lithium aluminium hydride. It was stored in contact witn 
freshly drawn sodium wire in a sealed (para film) flask and used 
within two days of drying. 
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S tart incf Hate rid Is 

hapht nalene (BD -I) was used after recrys tails incf twice from 
etnanol. Mg metal (BDH) , benzyl cnlonde (-E, Merck) 1, 2~dioromo- 
ethane (BDH) and cvclohexene (S. Merck) were used after distilla- 

c o 54 

tion. p-Nitrobenzyl bromide, l~chlorometnyl naphtnalene and 

53 

9-chloromethylantnracene , were prepared by known met nods ♦ 
Qenzophenone (Bush, .England) was used as such. 

Prepa ration of sodium naphthalene 

In a tnree-necked round bottom flask mounted on a magnetic 
stirring base fitted with a device to pass pure, dry nitrogen and 
a dropping funnel and connected to a mercury trap, naphthalene 
(1.28g, 0,01 mol) dissolved in dry THF, (30 ml) was taken. The 
contents of tne flask were maintained at about 20°C. Pure dry 
nitrogen was flushed into tne flask for a period or 30 mm, wxtn 
continuous stirring. Sodium metal (0 ,3g , t 0 . 013g-atom) cut into 
smalD pieces was added to it. 'T’he mixture was stirred rapidly 
first and tnen slowly after the reaction commenced. The progress 
of the reaction was measured from time to time by removal of a 
small sample of tne reaction mixture and determination of its 
sodium content after dilution with alcohol, by titration with 
standard nydrochloric acid using metnyl red as indicator. The 
reaction was found to be complete in about 3 n. 
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^PPPpi.QP or sodium naphthalene witn benzyl cnlonde 

a solution of benzyl cnloride (1,1 ml/ 0.01 mol) m THF 
(30 ml) taken in a 3-necked, round bottom flask mounted over a 
magnetic stirring base and fitted witn a pressxare equallizmg 
dropping funnel, a gas passing adapter and a mercury trap, was 
flushed witn pure, dry nitrogen gas for 30 mm. The contents 
were kept at a temperature ranging from -10° to 0°c, 

A solution of sodaum napntnalene (0.01 mol) m THP (30 ml) 
was slowly added tnrough the dropping funnel under continuous 
magnetic stirring. The deep green color of sodium naphthalene 
was discnarged immediately and a transient brown color appeared. 
After stirring the mixcura for 15 min, it was poured into 100 ml 
water, acidified with hydrocnloric acid and extracted with etner. 
mhe extract was washed witn water, dried over anhydrous MgSO^ 
overnignt and concentrated by evaporation of tne solvent, 

GLC analysis of tne ethereal extract using 10% SiI-30 on 
Crom~P(8b~100M) column of 2m length snowed tne presence of toluene 
(3 7%) and also indicated tne presence of some bibenzyl as well as 
naphthalene , 

The crude mixture of products obtained from tne ethereal 
extract was tnen cnarged over an activated silica-gel column, 

The column was eluted with nexane vmen m addition to toluene 
16.0%, naphtnalene (1, 22g,^ 98%) was isolated, continued 
elution with hexane-benzene (50: 50) gave bibenzyl (0 ,91g,/o 7 2%) . 



212 


Compounds were identified by comparison or IR spectra witn 
those or tne autnentic samples and mixed meJ ting poim, 

Re action of p-nitrobenz y l o rom ide w it; a sodiu m n apnt halen e 

A solution of p-nitrobenzyl bromide (2.16g, 0.01 mol) m 
THF (30 ml) taken in a 3-necked 250 ml RB flask mounted over a 
magnetic stirring base and fitted witn a pressure equalizing 
dropping funnel, a gas passing adapter and a mercury trap, was 
flushed with pure, dry nitrogen gas for 30 min. The contents were 
kept at a temperature ranging from -10° to 0°C, A solution of 
sodium naphthalene (0,01 mol) in THF (30 ml) was slowly added 
tnrougn tne dropping funnel under continuous magnetic stirring. 

The deep green color of the sodium naphthalene was discnarged 
immediately and a transient deep brown color appeared. After 
stirring che mixture for 15 min, it was poured into 100 ml water, 
acidified with hydrocnloric acid and extracted with ether. Tne 
extract was washed with water, and dried over anhydrous MgS0 4< 

Tne solvent was evaporated to give a crude mixture of products, 

Tne crude mixture of products was snake n witn petroleum-euher 
(bp, 60°-80°) when part of it went info sodium. Chromatography 
of the soluble protionover activated silica-gel column using 
hexane, hexane-benzene (75: 25), (50:50) and finaLly, benzene as 
eluants gave naphthalene {l.Q3g,'V 80/«) ; 1, 4-aihydrouaphtnalene 
(0 . 229g,w 19%) ; p-nitrotoluene, m,p, found 51°, lit. 52°C 
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(0.2059, 15%), starting p-nicrobenzyl oromide (0 . 18g,/-^8%) , p,p'~ 

dmltrobenzyl, m.p, round 178°, lit. 179-180° (0,271g) andp,p'- 
dinitros tilbene, m.p. found 290-291°, lit. 293°C (0.268g, 20,o) , 

The petroleum-ether insoluble portion (0.477g) was identified as 
p~p 1 -dinit robenzyl, tne over all yield of vmlcii was 53%. Compounds 
were identified by comparison of ir spectra witn tnose of tne 
authentic samples, by mixed m.p., TLC and c & H analysis. 

Reaction o f 1-c hl oromethyl napht h alene w i fch so diu mnapnthalene 

The reaction of sodium napnthalene (0,01 mol) in THF (30 ml) 
with 1-chloromet nyl napnthalene (l,765g, 0.0] mol) contained in 
THF (30 ml) was conducted exactly as descrioed in tne above 
experiments. A transient red color was formed after 15 min of the 
addition of sodium naphtnalene. The reaction mixture was workedup 
in water acidified witn hydrocnloric acid and extracted with etner. 
The ethereal extract Was separated, wasned witn water and dried 
over annydrous MgSO^ overnignt, Tnis was then filtered and 
concentrated, 

GLC analysis of this concentrate indicated the presence of 
naphthalene , 

Column chromatography of tne crude mixture of products taken 

o o 

out of tne other extract, using petroleum ether (b.p, 60 -80 c) gave 
naphthalene (l,20g, 96%), Further elution of tne column with 
petroleum-ether: benzene (50:50) and benzene gave 1-metnyl naphtna- 
lene (0,1 28gw 9%) and l, 2 -di-(l'-naphtnyl)etnane (1, 15g;^ 81%) , 
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respectively . Compounds were identified by comparison of IR 
spectra with tnose of tne authentic samples, by mixed melting 
point, TLC and C, H analysis. 


9 -chloromethyl antnracene wit h so diu m naph t halene 

A solution of 9-chloromethyl antnracene (2.265g; 0,01 mol) 
in 30 ml dry TBF was placed in a 250 ml i*B flask mounted over a 
magnetic stirrer. The flask was fitted with a gas passing adapter, 
a pressure equalizing dropping funnel and a condenser connected to 
a mercury trap, Pure, dry nitrogen was passed into tne flask for 
30 min, a solution of sodium naphthalene (0,01 mol) prepared as 
described earlier was added througn a dropping funnel. After 
15 min the green color of sodium napnthalene turned to yellow, due 
to the precipitation of some yellow solid. This was filtered, 
wasned wltn water and identified as 1, 2-di~ (9 1 -anthryl) ethane 
(m,p,~3tQ 0 -12°, lit, 312 °C), Tne filtrate was acidified with 
hydrochloric acid and extracted with etner. Tne ethereal extract, 
after washing witn water, drying over MgSO^ (anhydrous) and 
evaporation of tne solvent, gave a solid whicn was snaken vigrously 
with nexene. Tne hexane insoluble portion was filtered and identi- 
fied as 1, 2-di- (9 '-anthryl) etnane, Tne material obtained after 
removal of nexune from tne filtrate was enromatograpned over silica- 
gel column using petroleum-etner (b,p. 60-80°C) as eluant. Tne 
products thus isolated were; naphtnalene ( 1 , 254g,^ 98%) and 
9-methylanthracene (0, 19g,^ 9%) , m.p. 81 , lit, 81,5°. The total 
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yiald of 1, 2-di- (9* -antnryl) ethane obtained earlier was 1.50g (80/ 0 ) . 
The compounds were characterized by comparison of IR spectra/ TLC 
mixed melting points and c & H analysis. 

Reaction o f sod i um napht halene w ith b enzyl c h loride i n . the pres ence 
of_ m agnesium bromide 

(a) Prep aration o f M q Drv^ Magnesium (0,43g, 0.0 2g atom) and THF 
(30 ml) were taken in a 3-necked KB flask which was equipped with 
a magnetic stirring device/ a gas passing adapter/ a condenser and 
a pressure equalizing dropping funnel. Tne system was flusned 
with pure, dry nitrogen gas and tne contents of tne flask kept 
under nitrogen atmosphere, 1/ 2-Dibromoe thane (3,8g; 0.02 mol) 
contained in THF (30 ml) was slowly added to the contents of tne 
RB flask with the help of the dropping funnel. Stirring was 
continued for an hour during which period MgBr^ precipitated out, 

(b) A solution of benzyl chloride (l,26g; 0.01 mol) m THF (30 ml) 
was added to the flask containing MgBr 2 prepared above. Thereafter/ 
sodium naphthalene (0,01 mol) contained in 30 ml of THF was added 
with stirring, the contents of tne flask being maintained bolow 
0°C, After stirring the reaction mixture for 15 min/ a solution of 

benzophenono (1.82g; 0,01 mol) in 15 ml of THF was added to the 

( 

mixture and stirring continued at room temperature for 4 h. The 
mixture was then poured into 100 ml of water, acidified witn 
hydrochloric acid and extracted witn tnree 50 ml portions of ether. 
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The etnereal extract was wasned witn water and dried over ngSu^ 
overnignt , iSvapoxatjon of toe etner gave a crude mixture wmcn 
on chromatography over sxlica gel column using petroleum etner 
(b.p, 60°-80°), petroleum-ether: benzene (50.50)/ benzene: etner 
(50:50) as eluants gave toluene S'/a) , napntnalene (98%), bibenzvl 
(22%), benzopnenone (50%) and a wmte solid identified as benzyl- 
dip heny lea rbinol (l.Og,-^ 47%) , m.p, 89c, lit. 39-90?. Tne carbmol 
was conclusively characterised by c i- H analysis and by comparison 
witn an authentic sample prepared independently by the reaction 
freshly prepared benzyl magnesium cnloride (from benzyl chloride 
and magnesium) witn benzopnenone . 

Rea ction of sodi um naphtnal ene with 4-r>itrobenzyl b rom ide in tie 
pr es e nce of ma q ne s ium b r om ide „ 

(a) Fresnly precipitated MgB^ was prepared as in the above mentio- 
ned experiment using 0,02g~atom of magnesium and 0,02 mole of 1,2- 
dibrometnane in a total of 60 ml of THF. 

(b) A solution of p-nitrobenzyl bromide (2.16g; 0,01 mol) in ,fl HF 
(30 ml) Was added to the flask containing MgBr 0 . Reaction was 
carried out witn sodium naphthalene (0.01 mol) contained in TrlF 
(30 ml) as usual, below 0°C but tne wnole mixture turned into a 
tarry mass which could not be proceeded witn further. 
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9-c nl oromeh nyl antnracene witn sodiu m nap ntnalene m 
t he presence, of MgBr ^ . 

Magnesium bromide was prepared as described earlier using 
magnesium (0.48g; 0.02g-atom), THF (30 ml) and 1, 2-dioromoetnane 
(3.8g, 0,02 mol) in THF (30 ml). After, tne addition of 9-cnloro- 
methyl anthracene (2.265g; 0,01 mol) dissolved in 30 ml of THF 
followed by sodium naphtnalene (0,01 mol) in THF prepared earlier 
following tne procedure described above, to tne flask containing 
MgUr^ and maintained below 0°c, stirring was continued tor 15 min. 
Bensopnenone (1.82g? 0.01 mol) dissolved in 15 ml of THF was added 
to the mixture and stirring continued for furtner 4 h at room 
temperature, Tne mixture was tnen poured into water (100 ml), 
acidified with hydrochloric acid and extracted witn tnree 50 ml 
portions of ether. The etnereal layer was washed with water, 
dried over anhydrous MgdO^ overnignt and evaporated to remove tne 
solvent. The resultant crude solid was washed with petroleum 
other ( 60°-80°C) wnen an insoluole and soluble portion were separa- 
ted, The Insoluble portion on wasning witn ether dissolved a small 
part of tne petroleum-ether insoluble portion. The etner soluble 
portion on removal of solvent, yielded a white solid, m,p. 14l°c 
(1.22g) that corresponded to 3 2%) of 9-anthryl methyl diphenyl 
caxbinol , It was cnaracterized furtner by C i H analysis. 

Tne etner insoluble portion was identified as l,2-di-(9'- 
anthryl) ethane, yield 0 . 4 g,^> 20%. Tne pecroleum etner soluble 
portion/ on evaporation of tne solvent, gave a solid wnich on 
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chromatography over silica-gel column using petroleum-etner 
(to.p, 60-80 ), petroleum etner. benzene (50.50) and benzene as 
eluants gave naphthalene ( 1 , 27g,^o 99%) , 1-methyl napnthalene 
(0.09g, 4%) , benzophenone (60>o) , and traces of 9-antnryl methyl 
dipnenyl carbinol and 1, 2-di-(9 1 -anthryl) etnane . 

Reaction^ o t sodium naphtna l ene witn p- n itrobenzyl bromide in the 
presence of an excess of cycl onexe ne . 

A solution of p-nitrobenzyl bromide (2,16g; 0.01 mol) in 
THF (30 ml) and cyclohcxene (8.2g, 0,1 mol) were taken in a KB 
flask and sodium napnthalene solution (0.01 mol) contained in 
THF (30 ml) was added under the same conditions as described above 
for the reaction in the absence of cyclohexene . a transient deep 
brown color was observed. After workup in the usual manner; it 
was found that the products were; naphthalene (1 . 023g,^ 80%) ; 1,4- 
dihydronaplrthalene (0, 23g,^v/ 19%) ; p-nitrotoluene (0 , 26g, ^19%) and 
p,p ' -dinlfcrobibenzyl (0,802g, w59%) . Unreacted p-nitrobenzyl 
bromide (0 ,3 24g,»~j 15%) was recovered but no trace of p,p' -dinitro- 
s t i lbo ne w as f ound , 

Rea ction of sodium naphthalene with 9-chloromethylanthracene in 
the presence of an excess of cyclohexene. 

The preceeding experiment was performed using tne same 
quantities of reagents excepting that 9-chloromethylanthracene 
( 2, 265g, 0,01 mol) was taken in place 4-nitrobenzyl bromide. Tne 
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familiar yellow coloration developed as tne green color of sodium 
naphthalene vanished* On workup m the usual manner/ the product 
distribution was found to be: napnthalene ( 1 , 254g,/o 98%) , 9-metnyl- 
anthracene (0 , 2g/ po 10%) and 1 , 2**di-(9 1 -antnryl) etnanc ( 1 . 506g / '-- j 80/o) 
indicating almost no effect of ine presence of cyclohexene on tne 
product distribution. 
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CHAPTER V 

A NEW ME CH ANISM OP 
CANNIZZARO REACT ION 


V , 1 Abs tract 

Reactions of four aromatic aldenydes viz. benzaldenyde, 
p-chlorobenzaldehyde , p-toromobenzaldenyde and p~nitrobenzaldenyde 
.In tns presence of an excess of sodium nydroxide at room tempera- 
ture (30°C) in THF/HMPA (9:3) have been found to give Lna 
Cannizarro products. Benzaldehyde reacts slowlertnan otner 
aldehydes and also yields benzyl benzoate as an additional product. 
One the basis of available facts, a nydrtde transfer mechanism 
for the cannizzaro reaction seems irrational. An electron transfer 
mechanism v/itn free radical intermediates has been proposed which 
appears to satisfactorily account for all tne observations. 

Partner studies are being conducted for verification of this 


mechanism. 
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\j Lin i ouucjtion 

r, 'ho reaction in which two aldehyde groups, under the 
JiyUvionuo of a strong base, are transformed into tne corresponding 
Hydroxyl and carboxyl funccions, existing separately or in 
combination us an ester, is termed tne Cannizzaro reaction,'*' The 
road J on consists of di smut at ion of two similar aldehyde groups 
Ini o cor lxifjpotnllnq alcohol and carboxylic acid salt by means of 
aqueous ot alcoholic cilkali. For example, benzaldenyde is conver- 
ted into equimolar mixture of benzyl alcohol and sodium benzoate 
In l ho presence of sodiumhyd r oxide as shown in iSqn.l. 


2 



Nadi — 



I • • 


( 1 ) 


Dismutation of the same type, but involving two unlike 
aldehyde molecules, Is classified as "Crossed Cannizzaro Reaction" 

For example: 


O Cri OH 

1 - HCOONa . . . (2) 



Only tne aromatic and aliphatic aldenydes which nave no - 
hydrogen give the Cannizzaro reaction, aldehydes with an 
Hydrogen do not give this reaction because when such compounds are 
treated with a base, tne aldol condensation is much faster. 
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l no Oil! in 1 ',v/,a ro conation has been described, as a dispropor- 
Lionet i on o< . 1 1 do hydes into an equimolar mixture of the corres- 
ponding nloohol s and acids, and is normally carried out 'under 
strongly 1 mm I o conditions. This was considered to be one of tne 
most jmpoi tant syntactic reactions of organic chemistry involving 
reduction o' nldonydeo prior to the discovery of litnxum aluminium 
hydride In l ( Mo, 

Uunuizzaro discovered teat benzaldenyde rapidly solidfies 
when shaken with an excess of a strong solution of sodium hydro- 
xide (dqn* I) , A number of workers nave found that if water is 
excluded In thin reaction/ benzyl benzoate is tne primary product. 
CLulnon* added a odium mutnoxlde to benzaldehyde and obtained a 
mixture oj hotv/yj benzoate and motnyl benzoate; and be also found 
that a urnall amount o r : sodium benzoxide (c^H^CH 2 CNa) was capable 
of converting a l urqa quantity of benzaldcnyde directly into benzyl 
benzoate , Kohn and 'Iran ton 4 heated benzaldehyde and were able to 
isolate name benzyl benzoate from the mixture, Tlschtschenko 
obtained oh tact* oi benzoic acid when ne treated benzaldehyde with 
al umi n ium a LooUolates . 

.'ievoral mechanism nave been proposed for the nomogenous 
Cannizzaro reaction. r Che first 1 ' 6 " 8 nas (F.qn.3) as its rate 
do tom lining step, <R«pnenyl) . 
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<!~d t 

1 

hu" -US£l* . 
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H-C-OH 
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(J) 


(IV) 
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IV-C H 
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0" 
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0“ OH 

I-C-OH - tdst > 

, T i 

R-C-O-C-R 

t 1 

1 — 

\ 

R 

A H 

(0 

( LV) 

(V) 


Oj (OH 0 I ( 1 

U-C-O-rt.'-R R~C-0-C~R -I- HO“ ... (3) 

U -^l | 

M ’t n 

(V) (VI) 

RC'iyOCOR .|. HO" RCH 2 OH + RGO 2 ~ 

(VI) (II) (III) 

This mechanism involves formation of (VI) as an Intermediate. 

Since* ,H 0 exchange between water and (I) Is much faster than the 
O’n nniv.y.n ro reaction 9 , in which exchange occurs even at 25°c with 
no base added, tr\e rate-determining step cannot be formation of 
adduct (IV) or the mechanistically similar formation of adduct (V) , 
but It might bo rearrangement (Eqn.3) of (v) to (VI) . 

A second mechanism^ lnvolves( 3j/(jn»4) with a prior equilibrium 
for (XV) aa In mochanism I. 
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1,1 y 
K-Ck | 

. II 

H-C-R 

slow^ _ 1 

R-’C-H 

0 

\\ 

■\ C-R 

0 

OH 

1 

0~ 

OH 

(T) 

(IV) 

(VII) 

(VIII) 


(VII) H (VIII) rch 2 oh + rco 2 ~ 

(II) (III) 


* » • 


(4) 


rUIn huvIwnImhi involves a rate-determining intermolecular hydride 
shift*, to 1 Lowed by a last proton transfer. 


dv'iVt tfUitlomonts o£ (V) tnat do not lead to the formation 

11 

of (VI) hovo also been proposed as shown below. 



slow 


> 


u- 



(hi) 


OH 

l 

+ H-C-H 
I 

R 

(II) 


0 - ^ 

r-(M 
I l 
n h 


slow 


* 


0“ OH 

I I 

R-C-H + 0=C-R 

( 

H 


(V) 


(VII) (VIII) 


. .. (5) 


. .. ( 6 ) 


In (tSqn* f <) f the stable products (III) and (II) are formed directly 
in the rate -do term Jning step, wnile ln(Eqn,6), a rast proton 
transfer occurs after the rearrangement to form tne stable product 
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Anol h< ’? rx'ai ronycnt of (V) , involves a proton transfer in 
the slow ntcp l,o produce the stanle products as shown in(Eqn,7) . 


q -~o ) 

1 }*•* 
o — q-R 


slow 


R-C-H 


O-C-R 


... (7) 


Thun wc f i <-50 that in any solution of (IV) and (I)/ there 
will be some (V) (u oqui. librium. In Eqns,3,5,fi and 1, it is 

hloicd that (V)/ insplto oC its low concentration/ reacts at 
a f.jMlvi t.il*o than more abundant reactants (I) and (IV) because (v) 
hali In L\v migrating hydrogen in a favourable position for an 
InUamolcoul m rearrangement, In Eqn. 4/ the necessary inter- 
mu Iccu I ar hydr Wo transfer cannot occur unless (I) and (IV) happen 
to col J Ido with precisely correct orientations. 


Mechanisms fcnafc are still simple m the sense of by passing 
(JV) can be proponed. 15yn,8 provides an example of such 
typo , ’ to ro / (IV) is a reversibly formed by-product in equili- 

hr him with the rone bants but not an intermediate along the main 
reaction path, 


0 9 

I! " 

+ 'I“C + HO 

R R 


(I) (I) 


. R-C-H + C-OH 

R R 

(VII) (VIII) 


... (a) 


Cortnolucular mecnaniems 12 have been demonstrated in various 
systems, experimentally. General arguments against termoleoular 
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m< < h<tn l.itiM .tr*. not valid at high concentrations oridinarily used 
in (lit Ciinn o reaction. Mechanisms represented by (Eqns . 8 
,md 4) could hnvo iho same transition state. 


Mo.j l oi Llie mecnanisms proposed above have been disproved"^ 

iind only stops proposed tn(Eqns, 4 and 8) have been shown to bo 

i ne ut lowed reactions, a reasonable structure for tne transition 

nLa<<‘ Inutfqna, 4 and H) is as illustrated by (IX) . The c-H-c bond 
1 S 

tti.iy U' boat , Tho carbonyl oxygen of one or those of both 


K 



H 

' -sIL- " 



OH (or 0CH 3 ) 


(IX) 


uldohydon a jo likely to be polarized by hydrogen bonding to water 

X & 

Oi alcohol <n solvent molecules and reasons nave teen given for 
proving that mioh protons have normal bonds with normal zero-point 
unojgy at the transition state, 

Induction o£ henzaldehyde by metnoxide ion in aqueous 
mu t ha no! has been studied^ and the products from c^H^CHO in CH^OH, 
CM^OD and C33jOH solutions have indicated that the side reactions 
roaponn Iblu for nydrogen exenanges and adding to the yield of 
benzyl alcohol are (l) bimolecutar hydride transfer to benzal- 
dehydo, from rnothoxide ion, (2) a nearly equal amount of crossed 
Cannizzaro reaction from the resulting formaldehyde, (3) a smaller 



231 


, iiiionn h oi hydj Ido transfer to benzaldehyde from the res ulting 

• in Hutu fouiiiifo' loading Lo sod turn carbonate, and (4) a less 

1 j i ‘gin 'lit combination oL Ine two i.e, benzaldehyde plus methoxide 

i o\i loading to bonsai do by do dimethyl acetal. Decreasing the 

jnit.luJ (''one out rat Ion of C^H^CKO decreases the relative contra. — 

but ions o i the Lortnolecular reactions and causes the Drmoleoular 

hydride trvuihfor to become the dominant reaction. c.G. Swain 
1 7 

ol ul, studied tlio meonnnlsm of the Cannizzaro reaction of 
b'UU.nl denydo In jcjuoous methanol, rather than with hydroxide ion 
In w.ib'i, * igneous dloxane, or any other solvents. They were able 
ho oxoLudn rigorously five mechanisms for the main reaction 
(throe 1 rom the literature and two others considered plausible 
mn«!)) not cditnlnntod by the previously reported experimental 
vKirktt* ,uv<l wore left with yet another hydride transfer to benzal- 
dunydo, tills time from the combination of benzaldehyde and 
hydroxide Ion (Eqn.9) , 


C 6 ii t) l.’ T lU + t'.^lfCklO I- HCf c 6 H 5 CH 2° + C 6 H 5 G0 2 H *** 

C ( .H t CH ;< Cr + c c d r co 2 u C 6 H 5 CH 2 OH + c 6 h 5 co 2 .,,(10) 


in l<m tidber and Wills tatter 38 proposed a chain mechanism 
for the Cannizzaro reaction, but this suggestion was more or less 
disregarded, and was thought to be inconsistent witn the known 
facts. The important fact in the Haber-Wllls tatter theory lies 
in the introduction of the radicals RCO and RCHOH, both formed 



liom Uu 1 ultlnhydo molecule (RCHO) through a (univalent) oxidation 
1,1 u'thu'l ton* X'hv* nu* ononis in proposed by those authors oas as 
f o 1 1 own i 


ft 

KOI + OH 


?' 


_r ^ RCH (equilb. constt. K Q ) 

OH 

0 0 . 

mi I RUl ) RCH i- RCMO~ + 8 Real . ..(kJ 

I ' | ♦ -t- 

OM OH 


V 


, . ( 11 ) 


WHIO I U 


js. 




RCHOH (equilb, constt, K 1 ) 


r 

RCH 


1 ^ ucf 1 U* •» 28 Real (kJ ...(12) 

' > ' 1 N. >M f " 


0 


OH 


OH 


non * H* — )> RCHOH f- 38 Kcal .... (k 3 ) ...(13) 


r fi 

RH) + RCH 

in 


} RC + RCHOH + 66 Kcal,.,(k 4 ) ,.,(14) 


OH 


ft 

RCHO. I + RCH 


RCH 0 OH + RCO + 0 Kcal , . . (kg) , . , ( 15) 

C* * 


0 

RCO + H 2 0 + RCH } Rf + RCHOH -2 Kcal... (kg) ...(16) 

’ OH 


RCO *1* RCHOH 


^ 2 RCH + OKcal ..... (k^) . . . ( 17 ) 


Only competitively simple elementary pro«Welectro n or 
hydrogen atom transfer*) are involved! In the above scheme of 
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juMf’t lonsjni ,ilj 
fill J 1 l led, Ui ' l<) 


o' which the energy requirements are 


(•.MH'i (mental evidence is also available for the individual 

jv'.u't injj i) I opfl, and the occurrence of the free radicals assumed 

. '^n 

in tno above moonandsm, ’ 


| 

i.ofu ' ehfio rved that on treating formaldehyde with an 
nxitllf, lug aqonl (ng^O, Cu^O) in nlkdline solution, formic acid and 
mo Uvular ny<lt nqui arc formed# tne amount of formic acid being 
ifliMhoj: triad that which aonxjyponds to the oxygen in the oxide* 

The Hi mu. 1 react ton Lakes place with many other oxidising agents* 
o.ff., CuO 2 ’ 2 , I^Ve(CN) 6 2?, / K 2 S 2 O q 22 and H 2 0 2 . 23a/to 

Muller 22 allowed that on electrolysing alkaline solutions 
of f /e uiu Idchydo, acetaldehyde or bonzaldehyde# each farad produces 
on hh * .mode (tv] or Cu) one equivalent of hydrogen and one molecule 
ul the vender ponding acid. Thus, it shows that if an oxidising 
, irfunt In pruuont In cons I durable quantity, the vr atoms 
appuat mainly atf itiolvjcjuiiu hydrogen. 


Xn view oi the above facts, it was confirmed tnat under 

suitable conditions oxidising agents actually accelerate Cannizzaro 

reaction, This has been found to be tne case with ferrate, silver 

24 

oxide , and bunxayl paroxide. Moreover, Kharasch and Urusnibara 
and Takubayaahl 25 found that the peroxides, formed from the 
molecular oxygen ana tne aidenyda, nave a considerable accelerating 
effect, and that under certain conditions, the Cannizzaro reaction 
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of I << m m t dahyde is oompletoiy Inhibited in the absence of any 
potoxhli'. They have also found that Pe(OH) or Mn(OH) inmbit 
the ('arm I r.’..ujto renal ion of ben?, aldehyde probably on account of 
tuoii lechu'lmj action on the peroxides, 

n £ 

Di'iopino and Horeau have observed formation of gas 
on Vienthm f onna Idehyde in alkaline solution with platinum. In 
\ he ptcfii'iiiu of a good hydrogenation catalyst (e.g, Raney~Ni) the 
tnnn lvv/,aie um(’Uoi) occurs/ whereas in tne presence of a poor 
hydrogenation catalyst/ hydrogen gas is evolved. 

rt in aeon that the radical RCHOH not only acts as an 
ill term’ hi a to hut is also capable of starting the Cannizzaro 
reaction. Thin in proved by tne following facts: when Na -amalgam 
In allowed to ruaat with benzaldehyde (in tne absence of oxygen) 
Wn~ben/,onto and bon'/.yJ benzoate are obtained after decomposition 
with water , The addition of Na to the aldehyde results in the 
I > * i, mat Lon oi a kafyl radical: 


C’l 


r> r j 


0 

Gn 


(• Md 


jx c 6 h 5 chono 


( 18 ) 


This 


njdicdi is decomposed by water to give C^CHCM radical. 

nrter decomposition with water, the products o£ the reaction 


42 , 


of Mu-ainuigfctn on bonznldohydo, are 


found to be Mg-benzoate, benzyl- 


bowaoatw and hydro-benzoin* 



< 'iiOsI 
(> h . 


C ... I r CMOH . CHOMC H c 
’ b :> b 5 


... ( 19 ) 


ilyiliO'Cn u t 1 >m t*j .inn for between tne radicals yieid, 

0 

,> C r l, CilO'I > C,H.CH_OH + C’dJcH 

b * 6 b 2 6 b 


... ( 20 ) 


fn tin 1 ubuonru of an excess of benzaldehyde (i.e, if dilute 
acini Icmjt c>i UH* aldehyde in etner or benzene are treated witn 
Ma) / Uic I'anuJ/.Huro roat it Ion did not occur to any appreciable 
oylcrC, i"d *it,\ i ul v hvdrnbenptol n was formed, 

Phe rJanr Lwuaio reaction of ~ 2 h] benzaldehyde in alkaline 

27 

tuiueown dlox.in or dloxane alone was studied by dung-Kee c-nung 
who loim.l 01,1 that apart from the normal product [ft- » 2 J benzyl 
aj.xmt.l, nuUnUntiol amounts of [- - 2 h] benzyl alcohol was formed, 
thereby, oum ion tint) a possible partial Involvement of radical 

InLorimnl Lute** , 

in contb.nt to the previous observation mar one alcunol 
obtained noni tun Cannizzaro reaction of benzaldenyde in ° 2 ° 

,H,1 not contain any carbon-bound deuterium, Wain et al. 12 reported 
tnat benzyl alcohol from the reaction of [- -Vj benzaldehyde and 
haOtl in aqunous methanol at 100°C Included a substantial percentage 
or tne f. - 2 l] alcohol along with tne expected [c- 2 d 2 } alcohol. 

This wan rationalized in terms of oxidation of tne metnoxide 
ion and tne subsequent cross Cannizzaro reaction between rormal- 
denyde and [r- 2 H] benzaldenyde as snown below: 



f '^OM i- Oil ^ 4 CH^O“ !" H 2° 

]>l,a)0 H <’HjO“ -> PhCDO" + CH„0 

I *• 

H 

J'hOnO l Cll.^O + 0»r - — — ^ Ph(jDO~ + HC0 2 H 

H 


1) 

I ~ 

l’htt-0 I ilCO^I 




D 

Ac 


y PhCOH + HCO„ 

I * 

H 


23 6 


In viow of tno observation that a typical hydride donor 

1 » t A 1 ’ I could behave as an electron as well as a hydrogen 
)•) 

atom ikmoi , it Was considered tnat tne hydrogen isotope incorpo- 
ration Into benzyl ajicohol from H^O-CH^OH in tne Cannizzaro react- 
ion tn l Mil t ho duo to the Intervention of radical intermediates. 


•*ht » mochanJ nm proposed is as follows; 


1'nCdO -l O' l 


0 

4 Ph-C-OH 
d 


0 0 

U } 

pnc h* H-OPh 
| I 

n oh 


0 


0' 


A PhCH + H-C-Ph 

Ah 


A/ 


PhCII 2 0“ + PhC0 2 H 


PhCH 2 0" + PhC0 2 H 


^ PhCH 2 0H + PhC0“ 
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»'■ * l ' . Ashby et rtl 

by KPU spool io«,ro\)y and 
of p.n uuiadne L I c species 
Ihmi 1:, an follows: 


3 ° 

ncive studied the Cannizzaro reaction 
have obtained evidence for the existence 
in solution. The mecnanism presented by 


i ) 


0- jj* 0 0 

A*"' 1 «*.- Aro-Il + [ ArCH j ' 

on 1 


««T 




(AT Hi)*’ 



U) 


0:1 




1/ 


ArC-OH * ArC-0 

-j. 

t + 


ArCH O' 


ArCHjOH. 


it (Mt) ho soon that intermediate (X) can be formed by 
oft hoi o' tho two pathways. Independent evidence that OF*" is a 
Hood »1 nolo < 'Lection donor proves that S£T pathway is possible, 

Vu | t 'PrtklkoWri/ ot al. hcive recently studied tne reaction 
ol mihdl Atutod ) »on'/a 1 donyde with sodium hydrogen sulfide or sodium 
mil ' l<lo Jn I Lquld ammonia and proposed a mecnanism wnich involves 
bonanUlonydo irtrtic.il union, Since these reactions proceed only 
In l ho pioaunou of an additive such as nitrobenzene, nitrosobenzene 
or fis'obonvsono which arc good electron acceptors, a reaction mechan- 
ism Involving a sincjie electron transfer is considered plausible. 
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> fc,^.| — Lfifli A 

( ,« i-j • ) _ 


~7' (2 Ka' f e“) + (2 US') 


> (8SSH) ) H 2 & + | S° 


run .Mi>h 


NrUJ'I 


TTuTmT, [Phl\)=NPnj 4 (rid’) ^ HStoH Vri„& 

1 t * 

ArC'HO 


Sr 


PhNwNPh + [ArCHO] 


0 

Ar-C-H 


ArCH^OH ArOH^CT -!- Ar-C=0 


+ 


ArCHO 




NH, 
O- - 

ArCONH„ 


1. 

8 ° 8 


Thom ill OannJ'/'/ciro reaction Is, ordinarily, restricted to 
nldohydon Wnd: tiro devoid of an ' -hydrogen, otner aldenydes 3 6/37 
may alno undmgo this reaction, it the "t -position is sufficiently 
hindered lo inhibit the competing aldol-type condensation under 
those conditions, Thus, lsolongifoldehyde was intercepted by a 
Cann ivtaa ro-ty pw reaction to give the corresponding alcohol and 
uo Id , 

Prom the above discussion, it is evident tnat altnough 
mechanism of Canni'/zaro reaction have been considered wnicn may 
Involve a nydride ion transfer or a nydrogen atom transfer, 
depending upon tne conditions, a clear cut argument ruling out the 
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oooui t * *i v and nonce t 1 any for jf a free nydride ion (incapable 
ul life oxinlonoo) has not been presented, We, therefore, decided 
to examine I no rationale of the existing, acceptable mechanisms 
ol (\innl ,,, .'.iuo reaction in more detail. 


V, i po.'ml in .nu l discussio n 

,J t iUMioh a variety of' mechanisms for the Cannizzaro reaction 
navo boon alnornisod in the literature, the most widely accepted 
ono our njnl 1y invokes tire hydride ion transfer as illustrated in 
hohomo ' r , I , 


SCHEME VJ 



0 


Ar-C-0 i + 


« fast 


0 

t! - 

^ ArC-0 + 


arCH 2 OH 


OR (in strongly basic medium) 


( 1 ) 


( 2 ) 


( 3 ) 


Scneme V. 1 (contd. ) 
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Ax - 


?' 

¥ ■ 
Oil 


'I H ”011 


, ? 

•7 Ar — c 

J. 

0 

(XI) 


— H 


... ( 4 ) 


¥A~v SO 

Ar -0 £~« ’ 'tih Ar-C-H 
0 ' ; 


0 


"v '*** 


Ar-C + ArCH 2 0 " 
0 


(xi) 


... ( 5 ) 


An «i rgutuonl in favor of this mechanism has been tne fact 
l hul l, ho lion/iyl 1c» a LcohoJ produced does not take the -hydrogen 
1 1 out l he ho I vont ror tho reduction of the aldehyde; but that 
hydioptm roim-.M trout another molecule of the aldehyde itself. 

t’hln m''cn.mloiTt further envisages that, if tne hydride ion 
(’Oinoi. I rout LhO hydroxyai koxide ion(X) then tne final step is a 
rapid proton Ur. mu Cor* In tne otner case, however, the acid salt 
id fontipti illrwUy and the alkoxide ion aquires a proton from tne 
solvent giving Uho benzyl Jo alcohol. However, tne possibility 
of uho nMPhlnn ocourJLng via the dianion (XI) is rare and restri- 
cted only to tno condition of highly basic media. Also, removal 
or n proton from the anion (X) even in highly basic medium to 
give tho cUnnLon (XT) would be energetically unfavourable., Tne 
occurrence of the Cannizzaro reaction successfully even wnen tne 
hydroxide ion is replaced by an alkoxide ion ( OR) in which case 
the fa irmatton of the dianlon is not possible, also does not 
support the effective intervention of the dianlon. 
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"' von llU ‘ ,,u ' r ’ nanism covered by tne steps 1,2 and 3 in 
.t’ht'im' V.l Mi’Vif) wila serious defects, rnus, if in tne nydroxv 
i\lko v l»U' Ion (,'.)/ reversal o c the charge from the negatively 
oh<ir*j“d o\v»-,|,mi in carbon tending to form tne carbonyl function 
hiker. place, 1 1t* cleavage of one out of tne three remaining bonds 
unit'll wUl bo one tqeti cully most favoured would be involving tne 
<,•-»!) I mini ?v lng Hydroxide ion ratner tnan the cleavage of tne 
t'-d bend tidnnulng too hydride ion, Further, the electron affinity 
o' tne hydrogen being as low as tnat of sodium, rne formation and 
t rnnntuv o* the hydride Ion should be inconcievable on energetic 
gioundb, 11. is noteworthy in tnis connection rnat even the complex 
metal hydrlctorj rmcn ns LlAlH^ wnere a hydride bound to tne metal 
actually oxj.Mts, are now believed to reduce various substrates by 
donating ox tin electron and nydrogen atom rather tnan by nydride 


trunaioi , 


3<;-d j 


therefore, suggest that where other concievable patnways 
exist, invoivemonb of hydride ion in any reaction should not be 
Invoked, For example/ in the following reaction (a part °t 
dehydration of butan-l-ol) wnicn is often exemplified in the 
i ito future as one involving a hydride shirt need not be so 





CH 3 ~CB=CH-CH 3 


donor the cl. 



a 1k\ 1' r way to describe the same results would be to write 
trio nMCLum as follows: 


n 


ch 3 -ch 2 -chJ-ch 2 

i MJ 




-H 


CH 3 -CH 2 -CH~C4 3 


Jn order to rationalize tne existing data on the Cannizzaro 
■reaction In terms of an alternative/ logical mecnanism, we nave 
can led out a study of tnis redox process. The results of our 
roue florin o* a our aldehydes viz, benzaldenyde/ p-cnlorobenzal- 
denycUi/ p«bt omo bon /aldehyde and p~nitrobenzal dehyde with an excess 
01 sodium hydroxide are listed in Table V.l. 


ruble V.l: Reaction of aldcnvdes (0.09 mol) with sodium hydroxide 

Ka nn t u (mHHH *«*H* m > ■ » , »! mN II * , ,1 » .» n M« <1.1^- 1 I- . I,. , UMPMM P MW , - 

i ill CHV/ h mol) i n HMI j a/ T 4F ( 1:9)/ in dark/ under 
A tmoaphoro/ a t 25 c , 


Run , ! 

A l dehyde 

\ 

1 

1 

Ar-CIO 


Reaction i b Yield of products 

Time h, i r 

| Alcohol (ArCH 0 OH) | acid(ArCOOH) 

L S L 


1, 5 o nzu Ido hyde a 

36 

32 

30 

(ai-C,H7) 

0 h 




2, p ~ ch 1 o roll e n z a 1 de ny de 

24 

48 

46 

(Ar*p-CJ l 4 «) 





Table V.l(contd.) 
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X'JL'JLi'— Vj .1 ( r'.oti Ld , ) 


Hun . t 

t 

i 

, , j. 


•Aldohydu 

1U 


Reaction 
Time n. 


% Yield of products 


.. — x.. 


T dlcoiiolTrtrdd ~Uri5 i acidL^rCOCH) 


1. 

]i-'h omoj I'jnx.aldenyde 
(/a---p~Hr~C r) J 4 -) 

24 

46 

4d 

•1. 

T>*— Jm Ll i ohonx.nl denyde 

24 

41 

45 


rm •***#'*«•'* 


n) nonx.yL bcnwoato J.7% and benzaldenyde 12% was also formed along 
with the alcohol and acid. This reaction being found slower 
than others (in run 2/3 and 4) was carried out tor 36 h, 


It hi clear from bnese results tnat the reactions proceed 
cleanly to give tno products inspite of very low solubility ot 
sodium hydroxide in the medium and also that electronegative 
suU'sULuonU) In tno aromatic nucleus facilitate tne reactions* 


,'hcwio obnervatlone, together with tne (acts recorded earlier 
in Unin chapter .Including tne observation of resolvable ESR 
Siunulb’ 1 ' ra vue KWCiwnso. Uw Bern aldenyaes as well as tne 
product* obtained from C^CDO, 27 lead us to believe that the 
Canniuxaro reaction does not involve hydride ion. 
electron transfer radical mechanism presented in Scneme v.2 

-iii +-hp observations made by us and 
satisfactorily accounts for all the ob.ervac 


others . 



SCH EME V . 2 


?\^ 9 “ 

Ar ~9~ n «* r ;W 0 H Ar-C-H 


v..y 


OH 

(X) 


.. ( 6 ) 


0: 0 

I II prp 

AJ-1.-M I Ar*-C-H J " 


OH 


s low 


0- 0. 

Ar-C-H + Ar-C~H 


OH 

(XII) 


(XIII) 


.. (7) 


t r 

Ar-^ tl i *o~ 
OH H 


0 

II 


Ar 


° slow“^ *>*-<* + 

H 


... (Q) 


o o 

" m f- lQ + If _ 

Al-C-n-ll h 0-CH„-Ar — Ar~CH o ~0H + Ar-C-0 


... (9) 


In the cases of aldehydes carrying electronegative groups 
in fchu aromatle nucleus where oxidizing power Is enhanced, the 
oloofcron transfer from the base (i.e. ~0H in this case) may also 
take place qdvLng (X) via (XIII) as shown in Scheme v,3. 


0 

n 

Ar~C~H + 


jQH 


SCHEME V, 3 

9? 

ET 


f Ar-C-H + ‘OH 
(XIII) 


•4/ radical coupling 


0 : 

I 

Ar-C-H 


OH 


(X) 
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Hio ) >ond homo Lysis shown in(Eqn.8) would facilitate the 
cUmvii' (o oi l ho I'-h rather than the C-0 bond in (XII) . Also 
Ll oppOtun that (XII) and (XIII) , on their formation/ remain m 
the close vicinity of eacn other to give the reaction represenced 
) >y (Eqn . H),, Kmoly, when (XIII) falls apart, it abstracts a nydrogen 
tiom Lho noLvont instead of the one contained by the original 
,i I do hydo . 

ThlM mechanism accounts for che fact that nydrogenation 
cut a 1 yn In like Haney nickel facilitate tne process. Tne available 
did a oil tho Pi osy-Canni^zaro reaction can also be rationalised 
v/ull Py intMno oJ this mechanism as shown for the reaction of 
Punnu i cluhydo .aid formaldehyde in basic medium. 


B 


Ph-C-H 


s 

t h-c-H 


OH 


0 

II _ 

Ph-CH o 0H + H-C-0 
2 


li^ro, t.hu hydroxymethoxicle anion would act as an electron donor- 
in jaolorxmcu over tno hydroxy alkoxide ion derived from benza! ~ 
dwhydo and ben-/ Aldehyde acts as a better electron acceptor compared 


to to ttnn l duhvdo . 

Further investigations are in progress. 
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V • 4 1'ixpnj Imonjraj. 

All moi Ling points wore recorded on a MEL-TEMP melting point 
nppnr.iUiM . inf* retrod spectra were obtained on a Perkin-Elmer model 
V2J Mporl rophotometer, LLteratu.ro melting points are taken from 
"Hand-nook OI Chemistry and Phys ics " ,50th edition, R.C, Weast(Ed.), 
publish'd by tho Chemical Rubber Company, Cleaveland, Ohio . 

jVthihydroJ urun (i'HP) was purified by keeping it over 
poLuoohim hydroxide pullets overnight, refluxing over sodium for 
')«•() h, and then distilling over sodium followed by distillation 
over lithium aluminium hydride. It was stored In contact with 
1 run til y drawn sodium wire and was used within two days of 
pudL 1 cation. 

Itaxainothyl phosphoric acid triamide ( BMP A) was used after 
d 1st tiling over sodium. 

AlJ tho aldehydes for use as available were commercially 
wore purified before use by known metnods. 31 Authentic samples 
o i p-ohlorobi'nviolc acld f 32a p-bromobenzoic acid “ , p-nitro- 
benzoic acid, 320 and p-cnlorobenzyl alcohol, 33 p-bromobenzyl 
alcohol U , p-nitrobenisyi alcohol 35 uere prepared by known methods. 
Authentic samples of benzyl alcohol, benzoic acid and benzyl 
benzoate were used as commercially available. 
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Pcact ion oi ben '/aldehyde (0,09 mol) with sodium hydroxide (0.0 67 5 
m ol) In HMlbv/rdK ( l : !)) under N ? atmospnere m dark for 3 6 h at 
room t«< Mii | h * i li t uro (40 c ) 


bon/aldehydc (0.09 mol? 9.5g) was placed in a tnree-necked 
Rlx Cl auk mounted over a magnetic stirring base, riMPA/THF (10 ml/ 
90 mi) was addud to it tnrougn a dropping funnel. The system was 
5 ltuihod with k,, udfl lot 30 min. Sodium hydroxide (0,27g/ 0.0675 
mol) w,tf) added to the contents of the flask and the mixture 
»t*. lrr»*d at room tomporature (30°C) for 36 h in dark. The reaction 


occult'd untie r hotoroqenoous condition as Fa OH was not much soluble 
in trio medium. After this period, the contents of tne reaction 
i J aa k wirv pouidd into water (200 ml) and tne whole mixture 
extracted with *1x25 mi of ether. The ethereal layer was separated, 
wanned Urot with water and then brine and dried overnight over 
anhydrous ovornlght. 

Tne ethereal extract, on evaporation of the solvent, gave 
„ nul .l« mixture oi products wnicn on analysis by GLC and mn snowed 
tnu Ltunonco oi unrated benzaldehyde Cl®), benzyl alcohol (3») 
ond bonzyl btuv/oate (IT/.) estimated by comparison at tne p 
areas with those of the authentic samples. 


aqueous layer was acidified witn bydrocnloric acid 

when a white precipitate separated out. Inis solid was 

out in other. TM ethereal extract was washed with cold water and 

dried over After evaporation of tne solvent a white solid 
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VM'i obtained which alter rearystallization from hot water wa? 

{dent I J Led as benzole acid ( 2.95g;- • 30%) , m.p, found 120°C;lit. 
i ,<o 

m.p* I 21 <J. 

Reaction of p-chlorobcnzaldenyde (0.09 mol) with NaOH ( 0.067 5 mol ) 
in HMPA/TMF (1:0) under 5SU atmosphere in dark fo r 24 h at room 
Lemper gturo 30°C . 

In a l-neekod 143 flask was placed p-chlorobenzaldehyde 
(J.2»ui; 0,00 mol) contained in HMPA/THF (10 ml/90 ml) mounted 
over a magnetic stirring base. Pure, dry W 2 was passed ror 30 min 
to ilu»h l no system, NaOH (0,27g; 0.0 67 5 mol) was then added to 
the j Lusk and Ino contents stirred for 24 h m dark. After tnis 
time tno heterogenous reaction mixture was poured into 200 ml of 
wutot ,ind the resultant mixture extracted with 4x25 ml of ether. 
The ethereal layer was washed with water and dried overnight over 
tinoydrous Na ? S 0 4 , Trie dried etnereal extract was filtered and 
the solvent evaporated off by means of a cold air blower when 
„ nolj, l VMS obtained. This was identified by comparison with an 
authentic sample to bo p-chlorobonsyl alconol <5.65g,-4 at) . A 
sample wcrystaliiaod from ethanol was found to nave- m.p. 75 c, 
lit, m.p. 75° (j. 

The aqueous layer was acidified with hydfochloric acid when 
a white precipitate was formed which was washed several times 
with cold water. The product was found to be p-chlorobensoic 
acid (5.5, . 4«> . A sample recrystallisad from hot water was 

found to malt at 239°c, lit.m.p.240°c. 
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a^^»a_2£j^b i ™ ! d3gngaj,aeh iL de ( 0.09 mol) with KaOH (0,0675 m ol) 
ja. I J M I 'V l'III.' (1 . gi .jmdgrj y atmosphere In a^rv for 24 h at room 
te mperature U q°r:) , 


Into a ) -necked RB flask mounted over a magnetic stirring 
ba.se Was placed I6,65y (0.09 mol) of p-bromobenzaldehyde and 
t Il/'IMPA (90 ml/10 ml) . Pure dry N 2 gas was passed into this 

system ioi if) min. After tnis, NaOH (0,27g, 0.0675 mol) was 

.idiuvl and l he mixiure stirred at room temperature (30°C) in dark 
for VA h, Worku)> oJ tno reaction was done by adding it to 200 ml 
ot water, I' lie resultant mixture was tnen extracted with 4x25 ml 

of other , Trie ethereal layer was Washed with water and dried 

overnight l>v keeping over anhydrous Ka^so^. The dried ethereal 
ext fact was fiLtorod and evaporated to dryness. Crystals of 
p-bromobon/.yl alcohol (7.36g, 46%) so obtained were identified 

by the molting point, found 7 6°c, lit.m»p,76°C; and comparison of 
the lit spectrum with that of an authentic sample. 


To the aqueous layer was added HC1 when p-bromobenzoic 
acLd precipitated out. Tnis was recrystallised from hot water, 
m*p, 291°C,lit«m,p, 252°C. The yield was found to be 7 .C^g,.^ 45%, 


Reaction of p-nlfcrobenzaldehyde (0,09 mol) with NaOK (0,0675 mol) 
in UMPa/THF ( 1 s 9) , under N „ atmosphere, m dark for 24 h at r oom 
temperature (30°C) 

p-Pi trobenzaldehyde (I3,59g; 0.09 mol) and BMPa/t-if (10 ml/ 
90 ml) were placed in a 3-necked RB flask mounted over a magnetic 



M lialnq lvi.aO and the system flushed with pure/ dry nitrogen witn 

flt,nJn ‘l ,or H) min * (0 » 27g, 0,0675 mol) Was tnen added to 

Uic3 flask and the inixuuj-o .stirred aoutinuously for 24 h. After 
this time tno inaction mixture was poured into 200 nil of water 
and tno resulting mixture with ether. The ethereal layer was 
was nod with water and dried over anhydrous overnignt. The 

di led ol Unreal extract was filtered off. On evaporation of tne 
solvent, a yellowish soLid separated whicn was identified as 
p~nt irobou-xyl alcohol, m.p, found 90°G , lit. m.p ,93°c . Tne yield was 
lound to lie 5,3 ig; 41%, 

Hydrochloric acid was added to acidify the aqueous layer 
when a precipitate got separated out, Tnis was washed several 
times witn water and identified as p-nitrobenzoic acid, m.p, found 
24<)°c , lib, m.p, 240^ Tne yield was found to be 5,75g; 45%. 
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CHAPTER VI 

SUMMARY AND CONCLUSION 

In this thes is , reactions of five different categories 
nave been examined in some detail and new mechanistic inter- 
p rotations offered In each case. Various catagories of reactions 
are: 

(i) reactions of dlorganomercury compounds with sodium naphtha- 
lene in TMF medium at room temperature under nitrogen 
atmosphere 

(it) reactions or dlorganomercury compounds with lithium alumi- 
nium hydride in THF solvent at room temperature under 
nitrogen atmosphere 

(ill) reactions of ct -hydroxy acids and tneir salts with 
N~b romosuccinimide in dry DMF at reflux temperature 

(iv) reactions of primary benzyllc halides with sodium naphtha- 
lene in THF solvent at temperatures ranging from 0° to -10°C 
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(v) reactions of benzaldenyde and its p -substituted derivatives 

With an excess of IvaOH in TriF/HMPA (9:1 by volume) medium 

at room temperature 

The reactions of dibenzyl mercury/ diphenyl mercury and 
phenyl p-tolyl mercury with varying amounts of sodium naphthalene 
in THff solvent were examined at 30°C under nitrogen atmosphere. 
Instantaneous separation of metallic mercury was observed in each 
reaction. In addition/ naphthalene, monomeric hydrocarbons and 
dimeric hydrocarbons in the reactions of symmetrical diorganomercury 
compounds; and mixtures of biaryls in the reactions of unsymmetri- 
cal diorganomercury compounds were obtained. The recovered star- 
ting materials from incomplete reactions of asymmetrical diorgano- 
mercury compounds contained small amounts of symmetrical diorgano- 
mercury compounds also. On the basis of our observations, an 
electron transfer free radical mechanism involving the initial 
occurrence of a /* - — > 7 / electron transfer from the naphthalene 
radical anion to the diorganome rcurials has been proposed. 

The reactions of tne same diorganomercury compounds with 
I/lAlH^ in THF solvent at 30°C under dry nitrogen atmospnere 
commenced with evolution of hvdrogen and simultaneous separation 
of metallic mercury. Here too, an electron transfer mechanism 
with MMH 4 as the donor and the diorganomercurial as the acceptor 
has been proposed which satisfactorily accounts for the initial 
generation of radicals and anionic intermediates, besides 
rationalising all the observations recorded for these reactions. 



256 


Oxidative decarboxylation of the salts of a -nydroxy acids 
v L”. * glycolic, mandelic and bonzilic acids as well as glycolic 
and bem-.iJtc acids tnomselves using N-bromosuccinimide has been 
studied at icflux temperature in dimethyl formamide medium with 
a view to understanding tne mechanistic details. Reactions using 
tno two reactants in equimolar ratios were largely incomplete; 
but cloubJ Lng the quantity 01 tne oxidant/ N-bromosuccinimide 
resulted in tno completion of tno reaction under otherwise similar 
conditions, fn view o" the observations made, an electron transfe 
mechanism in which the acid or its salt reduces the N-bromosuccini 
ml do in the first step has been proposed. It has been found that 
sue minim idyl anion/ bromine atom and the radical derivable by the 
LnlticJ loss of an electron from the anion of the a - hydroxy acid 
servo as the precursors of different products viz. carbon dioxide/ 
molecular bromine nncl succiplmlde. 

Reactions o 4 ' sodium naphthalene witn equimolar quantities 
o; benzyl chloride, p-nitrobensyl bromide, 1 -chloromethylpaphtha- 
lenu, y-chlorome thylanthracena In THF at temperatures ranging from 
0° to -10°C under nitrogen atmosphere nave also been examined. 
While initial generation of free radical intermediates as a 
consequence of electron donation by the naphthalene radical anion 
to tne primary bensylic nalides occurs in all the reactions, 
carbanions are also produced by subsequent reduction of tne 
radicals. The radicals and carbanions botn intervene in the 


formation of the products. 
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reactions of toenzaldenyde and its para substituted deri- 
vat Ives wltn an excess o£ sodium hydroxide have been found to 
.load t*o the products in accordance with the Cannizzaro reaction, 
ixqumonts have been presented which make tne commonly accepted, 
Hydride transfer mechanism of the Cannizzaro reaction appear 
Irrational, However, according to our initial thinking an electron 
f runnier mechanism Involving hydrogen atom transfer proposed for 
Loose reactions appears to account fur all tne observations 
concern inq those reactions. Further work on the verification of 
tne now mechanism Is being continued, 

ti kudios reported in this thesis have thus led to mecnanisms 
involving electron transfer tor some redox reactions of diorgano- 
mercury compounds, r -nydroxy acids and tneir salts, primary 
benxylic halides and aromatic aldehydes. Besides tneir mecnanisuic 
significance, these electron transfer reactions may conceivably 
provide convenient, mild condition routes to otherwise cumbersome 


chum l cal brans formations , 
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